The Measurement of Productivity

In the May 1969 Survey oF CurreEnT Brsiness, Part IT, BEA pub-
lished a eritique by Edward F. Denison of a study of U.B. productivity
chapge by Dale W. Jorgenson and Zvi Griliches. The Jorgenson-Griliches
study, “The BExplanation of Productivity Change,” was reprinted in that
volume, The present volune concludes the diseussion between Denison and
Jorgenson-Girilickes and, for the convenience of the reader, reprints in full
the contents of the earlier issue of the SorvEY.

Differences in concepts and methodology used by Jorgenson-Griliches
and Denison at the time of the esrlier publication led to striking differences
in their resolte. According to Denison, a substantial pati of the postwar
growth of national output wes due to an increase in productivity; according
to Jorgenson and Griliches, almost all of the increase was due to an Increase
in factor Jnputs.

In “Iegues in Growth Aceouniing: A Reply to Edward F. Denison,”
Jorgenson and Griliches now assign a much larger role to productivity in the
explanation of economic growth, and in seversl respects have come closer
to the concepts and methodology advocated by Denison. But substantial
differences remain, and they argue that Denison is using inconsistent pro-
cedures in his treatment of capital. Denison’s “Final Comment” is & detailed
and comprehengive discussion of the basic issuee relating to the measure-
ment of capital inpuls that divide experts who share the marginal produc-
tivity approach to the analysis of ontput, inpnt, and productivity. In their
“Final Reply,” Jorgenson and Griliches restate their position.

The present volume will be indispensable to all economists and statis-
ticians who are seriously interested in productivity. BEA is pleased to be able
to provide a forum for the discussion between these distinguished experts, and
to provide readers the opportunity to make up their own minds on the

remainihg unsettled issues.

The contents of this volume are as follows

(1) Jorgenson and Griliches, ‘““The Explanation of Productivity
Change,” as reprinted from the Review of Economse Studizs in the May 1969
SunveY, Part I, pp. 31-64; pp. 3-36 of this volume.

{2) Denison, “Some Major Tasies in Productivity Analysis: An Fx-
amination of Estimates by Jorgemson and Griliches,” as published in the
May 1969 Sturvey, Part I, pp. 1-27; pp. 87-83 of this volume.

(3) Jorgenson and Griliches, “Issues in Growth Accounting: A Reply to
Edward F. Denison,” pp. 65-9¢ of this volume.

{4) Denison, “Finel Comments,” pp. 85-110 of thiz volwme,

(5 Jorgenson and Griliches, “Final Reply,” p. 111 of this volume.
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1. INTRODUCTION

Measorement of total factor productivity is based on the economic theary of pro-
duction. For this purpose the theory consists of a production fimction with constant
retoros to scale together with the necassary conditions for producer equilibrium. Cuantitiss
of ouiptt and input entering the production fugction are identified with real product and
real factor input a5 measnred for social accounting purposes.  Marginal rates of sub-
gitntion are identified with the corsscponding price ratioe. Emploviag data on both
quantities and prices, movemeats along the production fonction may be saparated from
shifts in the production function. Shifts in the prodwetion function are idemtified with
changes in total factor prodoctivity.

Owr point of departurs i= that the sconomic theory underlying the measursment of
real product and real factor input has not been fully exploited, As & result 2 number of
significant errors of measurament have bhesen made in compiling datz on the growth of
real product and the growth of reat Factor input. The result of these srrors is to introduce
serjons biases in the measurement of total factor praductivity. The allocation of changes
in real prodact and real factor input between movements along a given produetion fustion
snd shifts of the production function mue; be corracted for hizs doe to emmors of concept
and measurement.

Ihupurpmufthlspap:rnmummahypmhmwmmngmc:xphmﬂnnuf
changes in total factor productivity. This hypotbesis may be stated in two altérnative and
equivalent ways, In the terminclogy of the theary of production, if quantities of output
and input are measored accurately, growth in total output is Iargely explained by growth
in total input. Assaciated with the theory of production is a system of social 2coomnts
for real product and real factor input. The rate of growth of total factor productivity is
the difference betwesn the rate of growth of real product and the rate of growth of real
factor input. 'Within the framework of sociel accounting the hypothesis is thae if real
product and real factor input are aceurataly accountsd for, the obssyved growth in total
factor productivity is pegligible.

We must emphasize that our hypo{hasls mnmmmg the explanation of real output
is testable. By far the largest portion of the literature on total factor productivity is
devoted to problems of measurement racher than to problems of explanation. In recognis
tion of this fact changes in total factor productivity have been given such labals as The
Residual or The Measure of Our Ignorance. Idsntification of measured growth in total
factor prodactivity with embodied or disembodied technical change provides methods
for measoring technical change, but provides no genwine explanation of the underlying
changes in real outpat and foput.?  Simiply relabelling these changes as Technical Progress
or Advance of Knowledge leaves the problem of explaining growth in toial output unsolved.
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The plan of this paper is as follows: We first discuss the definition of changes in
total Factor prodactivity from the point of view of the econcmic theory of production.,
Sscond, we provide operational definitions for the measarement of prices and quantities
that enter into the economie theory of production, Thess definitions generate a gsystem
of social ascounts for real product and real facter inpat and for the me=asurement of total
factor productivity. “Within this systemn we ‘provide an’ operational definition of total
facior produckivity, This definition is Fandarmental to an empirical tast of the hypothesis
that if real product and resl factor iopet are sccuorately accounted for, the observed cate
of prowth of total factor productivity ie negligible. -

‘Within our sysiem of social accounts for real product and real factor input we can
assess the consequences of errors of measurement that arige from concaptual arrors in the
separation of the value of transactions ioto price and quantity. Errors in making this
separation may affect real product, real factor input, or both; for example, an error in
the measurement of the price of investinent goods results in 2 bias in total cutpuf and a
bias in the capital aceounts that undselie the messurement of total input.  'Within this
system . of social accounts we can supgest pnnuples for. correct agg:'cganon of inpots and
outputs and indicate the consequences of incorrect aggrepation. Mauy of the most

impertant errors of measnurement in previous. compilations of data on real prodact and .

real factor input ariss from incorrect aggregation.

Given 2 system of social zecounts for the measurement of total factor productivity
we atiempt to correct 2 number of common errors of measnreinent of real produst and
real factor imput Dy introduciag date that correspond more accuvrately to the comoepts of
output and input of the economic theory of production. After correcting for ervors of
measurement we sxamine the vahdity of eur hypotbesis concerning changes in total
factor produciivity. We conclode with an evaloation of past reszarch and a discussicn
of impheations of our findings for further ragearch. '

2. THEORY

Oray definition of changes in total factor productivity i5 the conventional one, The
rate of growth of total factor produetivity is defioed as the difference betwesn the rate of
growth of real product and the rate of growth of real factor input, The rates of growth
of real product and real factor input are defined, in turn, a5 weighted averages of the
rates of growth of individual products and factors. The weights ace ralative shares of
edch product in the value of total outpat dod of tach factor in the value of toial input.
Hf a production function has constant returns to seale and if all marginal rates of sub-
gtitntion are egual to the corresponding price ratios, a chaxge in total Factor productivity
may be identified with a shift in the production function.  Changes in real product and
real factor input 0ot accompanied by & change in total factor pml:luctmtj may be identified
with movements along a produuhnn function.

Our defipition of changr. in total factor productvity is the same as that snggesied by
Abramovitz {1}, namely, ™. . . the sffect of *costless * advances in applisd technology
muanagerial efhiciency, m:uil md‘usr.m] organization (cpst—the amﬂnment of scarce
resoarces with alternative uses—is, “after zll, the touchstone of an “iopue?) .. " *
Of course, changes in total factor pmduc:t:mt}r or shifts in a given production function
may be accompaniad by smovements along a produstion function, For example, changes
in applied technology may be-aggociated with the construction of new types of capital
equipment. The alteraHon in patterns of productive activity must be separated into the
part which is * costless™, mpresenting a shift in the prodoction fupction, and the part
which Tepresents the employment of scarce resources with alternative uses, repressnting
moverneats along the producticn function.

b Abramaviez [1, p 764]
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Om the ontpuot side the guantitites that enter into the ecenomic theory of production
correspond to real product as measured for the purposes of social accounting., Similarly,
cn the input side these quantities correspond to real factor input, alse as mensured for
the purposss of social accounting. The prices that anter the economic theory of produc-
tion ar= identified with the fmplicit deflators that underlie conversion of the value of total
phatput and total input into real terms. The notion of real product is a familiar ope to
social accouniants and has been -adopted by most Western countries as the appropriate
measure of the level of aggregate ¢comomic activity,r The notien of real factor input is
somewhat less familiar, since social accounting for factor imput i3 usually casried oni
anly in value terms ot currant prices. However, 1t is abvious that income streams recorded
in valpe terms correspond totrapnsactions in the services of productive factors. The value
of thess (ransactions may be separated into prics and quanticy and the resolting datz may
be employed to construct social accounts for factor inpot in constant prices. This type
of social accounting is ppplicit in all attempds to measure total fastor productivity,

The prices and quantities that enter into the economic theory of production will
be given in terms of social accounts for total ontput and totel input in current and constant
prices. We observe that our measurement of total factor prodoctivity is sub]uct o all the

well-kncwn limitations of social accounting, Oaly the resulis of economic activities with
some counterpart in market transactions are included in the accounts. No ettempt is
made to measure social benefits or social costs if these diverge from the corresponding
piivate benefits or private costs. Throughout this study we adhers to the basic framework
of social accounting. Tha measurement of both output and input is based entirely on
market iransactions; ali prices reflect private benefiis and private costs. That part of
any alteration in the pattern of productive activity that is * costless * frorm the point of
view of market transactions is attributed to change in toizl factor produectivity. Thus
the social sccounting framewotk provides a definition of total factor productivity as the
ratio of resl prodoct to res! factor input.

To represent the systemn of social accounts that provides the basis for measvring total
factor productivity, we introduce the following notation

F;~quantity of the ith output,
X, —quentity of the jth input,
g—price of the ith output,
p;—price of the jth input.
Where there are 2 ouiputs and » inputs, the fundamental identity for each accounting
pﬂmd is that the value of output is equa! to the valoe of input;
GVt Yt 4o te = P X+ 0 X b P X -(1}

This accounting idertity is important in defining an appropriate method for messurioy
total factor productivity; it also provides & useful check on the consistency of any pro-
posed definitions of total output and total input.

To define total factor productivity we first differentiate (1) totally with respect to tims
and divide bath sides by the corresponding total valne. The result is an id=atity between
a weighted average of the sum of sates of growth of cutput prices and- quantitics and a
weighted average of the sum of rates of growth of input prices and quantities;

S, E: + E.:I = 3y, E—-’ + ﬁ], l2)

with weights {w,} and {o;} given by the relative shares of the valus of the ith sutput in
the value of total output and the valve of jth input in the value of total inpuwt:

N1 (R 2T

E'EIY: EPJ X i
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To verify that both sides of (2} are weightcd averagos, we observe that:

w0, f= 1.
a0 j=1_n;
EW] = Eﬂ} = ], ' -

A useful index of the quaniity of total output may be defined in terms of (be weighted
average of the rates of growth of the individual outputs from (2), denoting this index of
output by ¥, the rate of growih of this index is

z =Ew‘§;
¥ A

a0 analogous index of the quantity of total input, say X, has raic of growth

X . X
L

x x;

These quantity indexes are Familiar as Divisia quantity indexes; the cocresponding Divisia
price indexes for total output and total inpat, say ¢ and p, have rates of growth:

) g

E-Eﬂjg’

. r Py
In terms of Divisia index numbers a natural definttion of total factor produstivity,
say £, is the ratho of (he quentity of toial output to the gquantity of total input:

p__] ’ w3

Using the definitions of Divizia quantity indexss, ¥and X, the rate of growth of total factor
productivity may be expressed as:
E FE—E#E{H’E? —Eﬂj&. .--(4}
F ¥ X Y, X,
or, alternatively, as b s g 5 ]
L R TR Y )
BT p T Mg, T My,

These two definitons of total factor productivity are dual to each other and are equivalent
by (1), In general, any index nfhtﬂfaﬂmpradwhﬂtymb:oomputedmthﬂrﬁ'om
indexes uf the quantity of total output and total input o from the correspondmg price
indezes.?

Up to this point we have defined total factor produoctivity as the ratio of cortain index
rumbers of tatal ontput and total Input.  An economic interpredation of this definition
may be cbiained from the theory of production. The thecry inchades a production function

¢ Divisia [17, 19] Application of these indemes to the measrement of todal factor produetivity is
mmhdwmunhmawwblmmﬂ gﬁ.ﬂ'ﬂ The seonomic intsrpretation of Divisla indexes
dlﬂﬂﬁdﬂgﬁmﬁvﬁj’ 1 and Richter [52).

2 The dmh@uhhmﬁgfumdmmﬂmlfmmm has been discussad by Siegel,

¥, 58]
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characterizad by constant retvrns to scals; writing this function in Juoplicht form, we have:
- ¥ Foueons Yi Xy Xiv oo Xy) =

Shifts in the production function may be defimed in terms of appropriate weighted average
rates of growth of outputs and inputs,

b/ L&, Ez)
of = E(zﬂr, ,) (zf,x, X, 3)
_OF o OF '
where F; = — 3 1"’ a—XJ und:

£ =IFY,=-EFX,

Changes in total factor productivity may be identifled with shifis of the production
fuoction as opposed to movements along the production function by adding the necessary
conditiong for producer eqnitibrium—ail marginal rates of transformation between pairs
of inputs and outputs are equal to the corresponding price ratics—

a7, Fy p. &Y -t oX, F
Lh B Th -— B o R tm; g =)
ax; FE & % Ft o X, Fy

Combining thess conditions with the definition (5) of shifts in the prodoction function,
we obtain the definition (4) of totaf factor productivity:

P
GF‘= F-

-

The rate of growth aof total factor productivity is zero if and only if the shift in the pro-
duction function is zero.

Th:mmpletethmrynfpmdwuun consists of a production function with constant
returns to scale together with the necessary conditions for producer eqpilibrium, This
theory of production implics the existence of a factor price frontier relating the prices of
cutpnt to the prices of input. The dual to the definition (4) of total fhctor productivity
may be identified with shifts in the factor price frontier.!

The economic interpretation of the index of total factor productivity is esseutial in
measuring changes In total factor peoductivity by means of Divisia index numbers. As is
well known,? the Divisia index of total factor productivity is a Hos integral so that its
vahe normally depends on the path of integration; even if the path returns to its initial
value the index of total factor productivity may increase or decrease. However, il price
ratios are identified with marginal rates of transformation of a production function with
cunﬂant:emrmtusmk.thHﬂdexﬂmmnmmtant:fthnahﬁmtbnpdeﬂ
function is zero.?

Fromn either of the two definitions of the index of total factor productivity we have
given it is obvious that the rate of growth of this fndex. is net zero by definition. Even for
z production function characterized by constant returns to scale with all factors paid
the valus of their marginal products, the rate of growth of real product may exceed or
fall short of the mate of growih of real factor input; similarly, the rate of prowth of the

1mnnﬁqnﬁahmpﬁ@&mﬁmhmbmdhmgdb}rmgﬂ, the factor price frontier
s smpboyed in Jefinlng changss im todal factar productivity by Diamond (1 andthandEhﬂpu

l5]-
See, For example, Wold
: SHRkhIIt [22). w::}:bduhodhwa CGorman for bringing this fact to our ablantion.
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price of eeal factor input may exceed or fall short of the rafe of growth of the price of |

real produoet.®

The sconomic tﬁennr of production on which cur interpretation of changcs in toial
factor produstivity rests is not the only possible theory of production. From the dedinition
of shifts in the production function (5) it is clear that the production funetion 'may be
considered in isolation-from the necessary conditions for producer equilibrium, provided
that alternative operational definitions of the murginal rates of transformation are intro-

duced. Such a pmdumon function may incorporate. the effests efmnraasmg returns to .

- scabs, externalities, and disequilibrinm. Changes in total factor prodw:.nuty in our séanse
could then be interpreted as movemants along Ir.]n: production ﬁmnl:u:rn in this moze general
2e4iEe,

To provide a basis for assessing the role uf errors of mgasnremant in exp]almng
observed changes in tatal factar productivity, we first set out principdes for measuring
total ontput and total input, The measurement of Aows of output and labour services is,
at least soncepdually, straightforward. Beginning with data on the value of transactions
in each type of cutput and each type of labour service, this vahue is separated into 4 prive
anda guantity. - A guentity index of total ontpmt is constructed from- the quantities of
each cutpue, using the relative shares of the valne of each outpoe in the valne of total output
as weights. Similarly, a qoantity index of total labour input is constrected from the
quanhtmafea:hlﬂbﬂﬂf&:rvmmgﬁmrﬂam shares of the value of each labour
servics in the value of all labour services as weights.

If capital asivices were bought and sold by distoct economic tnits in the same way

as labour services, there would be no conceprusl or empirizal difference befwesn the
constroction of a quantity index, of total capital input and the construetion of the corres-
panding index of total la.huur input. Beginning with data on the value of trapsactions in
cach type of capital service, this value could be separated into a prics of capital strvice or
rents] and a quantity of capital service in, say, machine hours. These data would corres-

pond to the value of transactions in each type of labour service which could be separated -

into a price of labour ssrvice or wape and a quantity of labour service in, say, man kours.
A quantity index of total capital input would be constructed from tha quanfitiss of each
type of capilal service, using the rélative shares of the rental value of each -:.upital service
i the rental value of all capital services as weights. -

The measurement of capital services ig Jess straightforward than the measnzement of
labour services becanse the consumer of 4 capital service is usnally also the supplier of the

LIt is essential o distinguish cur basic hypothesis from a misintergratation of it recently advapced
[- it |

Simee advances ity kn.uwlud.:: mmmt intrtase pational product without mm the margigal

produc of one or more factors of prod m?'nfmmadmppearasam growth if an

ncreans & factor’s mergingl produc mul rorn the advapts of knowledes i= coprted 2z a5

increage in the quantity of factar lnput [14, p, 76].

In terme of our social ammmﬂuﬁfmnmrkﬂcnlmnwmmatwcmumfmurm astbﬂm
of the lm n bath prices and gquantites; denoting the index of input impli=d v iEon's inter-

- =4
K= zo 24z 2y

the corresponding ivdéx of autput, say Y=, would then be definsd as:

The resuling index of totad factor productivity, way PP, & constapt by definition:

A ¥E_XP_ @

Oy X
iE_'..r mﬂm this definition with our definition [4}, the arcor in Dedison®s intsrpoetation of our hypothesls
5 cAsly oo,
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service: the whole transaction is- recorded . oaly in the internal accounts of individusl

sconomic units. The obstacles to extracting ihis. information for purposes of social
accounting are -almost insuperable; the information must be obtained by a relatively

- Iengthy chain of indirect fuference. The data with which. the .calculation beging ars the

values of transactions in pew investment goods. These valoes must be separated inte a
price and quantity of investent goods. Second, the quantity of new investment goods

reduced by the quantity of old investment mo-uds replaced mast be added to accumulated
stocks. ‘Third, the quantity ﬂf capital services correspanding to nar.:h stock mmst be

calvutated,
Paralieling the caleniation uf quantities of capital services begmnmg 'mth the quantities

© -of new investment goods, the prices of capital servicss musi be calcnlated beginning with
" the prices of new investment goods. Finally, a quantity index of total capital inpnt must
- be constrocred from the quantities of each, type of mpital service, using the relative shares

of the implicit rental value of each capital service in the implicii rental value of all capital
services as weights, The implicit rantal valve of sach capital service is obtained by simply
multplying the quaatity of that service by the corresponding price, At this final stage the
construction of a quantity index of toral capital input is formally identical to the construce
ton of 2 quanmjr mﬂa&t of total laboor input or totzl output. The chief difference between
the construction of price and quantity indexes of total capital input and any other aggrega-
ticn preblem is in the circuitous route by which the necessary data'ars obinined.

The detailz of the caleulation of a price and quantity of capital services from data on
the valupes of trensactions in pew iovestment geods depend on empirical hypotheses about
the rate of replacement of old investrent goods and the quantity of capijeal services corress
ponding to a given stock of t:upltal. In studies of total factor predtctivity it is conventional
to assume that capital services are proportional to capital stock. Whers indepsndent
data on rates of uiilizmtion of capital are available, this assumption can be dispensed with.
A mumber of hypothezes about ¢he rate of raplacement of sld investroent goods have been
used in the literatare: (1) Accovnting depreciation measured by the straight-line method
is set equal to replacament, possibly with g correction for changes in prices. (2 Gross

investment in some carlicr penod is-set equal to replacement. (3) A weighted average off

past investment with weights derived from studies of the ““survival curves ™ of individual
picces of equipment £ is set equal to replacement. From a formal point of view, the last
of these hypotheses includes the first two g5 special cases. :

We assume that the prnpomon of an investrnent replaced in & given lntenal of time
declines exponentially over time. A theoretical justification for this agsumption Js that
replacenient of investment goods is & recurrent avent. An initial investment generates &
saries of replacement inveshments over time: each replacement generates a new seriss of
replacements, and so on; this process ropeata Irself indefindtely, The appropriatt model

- for replacement of investment goods is net the distribution over time of replacements for

a given investment, bat tather the distribation over time of the mfinite stresma of replace-
ments generated by 2 given invesiment. Tha distribution of replacements for such an
infinite stresm mpproaches a constant fraction of the accumulated stock of investement
goods for any * survival curve ™ of individual picces of equipment and for any initiaf
age distsibution of the acomulated stock, whether the stock is constant or growing, But
this is preciscly the relationship between repleccment and accumulated stock if aa capon-
entially declining proportion of any given investment is replaced in a given interval of time.

The guantity of capital services corresponding to sach stock could be mtasured

directly, at Isast in principle. The stock of egnipment would be measured in numbers of

1 Here we assume (hat the * quagtity ** of a particulsr of capital as an assst

ﬂmﬁty“uamwhlmrmsmormnﬂm thiz conditiom is not apmug

hcugenmubehug’ted g a digtieet agset and servics, mtputateuhpnmtarhmmmm

themualnmprutpM" A
I Studies @ which thmsmathnds trave been {1) Jesxi, Wasson, and Gross [331.
Goldsntith 1251, and Kuzpsts [30]; {:;-Memm Knh [44 mﬂDmm{liL (BITubauh[ﬂI
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machines while the servics Sow wonld be measured in-machine hours, jast as the stock of
labour is mensnred in nmmbers of men whils the fow of Jabour sarvices is racasured in
man hours, Whik: the stock of equipment may be calcalated by cumnlating the net flow
of investinent goods, the relative otilization of this equipment must be estimated o order
to convert stocks inta flows of equipment services. For the parposes of this study we
assume that the relative tilization of all capital poods is the smme; we sstimate the relative

. utlization of capital from the relative utilization of power.sources. 'An adjustment for

the relative utilization of equipment is essential in order to preserve mmpmaﬁhtyamons
our measurermats of cutpnt, labour input, and capital input.

To represent the capital aecounts which provide the basic for measuring total capctl'.al
input, we introducs the following notation :

I—quantity of output of the Kh investment good,
Xy—-mquantity of inpue of the kth capital service.
Az Befors, we use the notation:
gy—-price of the &th investment good,
my—yprice of the kih capital secvice.
Under the assumption that the proportion of an investment replaced in a given intecval

of tine declines exponcntially, the cummlated stock of past investrents in the kth capital .

good, net of replacesients, satishies the well-known relationship:
Iy = Kﬁ% - (8)

where & :sthemsta:rtanmusmtaufmplammmt of the kth investment good. Similarly,
in the: absence of direct taxation the price of the kth capitnl service satisfies the relationship:

mmq;[ﬁﬁr = -

whm:rismcmmofrmmnanQEIMHmofreplmmnfthhhimt
good, and 4, /gy 35t rate of capital gain on that good,  Given thess relationships between
the prive and quentity of investment goods and the price and quantity of the corresponding
capital ssrvices, the only data beyond values of transactions in pew investment goods
requirad for the constroction of price and quantity indexes of totgl capital input are rates
of replacement for each distinct invastment good and the rate of return on ail capital.
We turn oow to the probkm of measuring the rate of return. -

First, to measure the valusa of cutput and input it is customary to sxcluds the value
of capital paing from the valee of input rather than to inclade the value of sach guins in
the value of cutput. Thiz convention has the virtue that the value of output may be

. cakcfated directly from the valuss of transactions, Secopd, to.mesxsurs total factor

prodmctivity, depreciation iz frequently sxcluded from both input and ocwtput; this
convention is adopied, for cxample, by EKeadrck [37). Exclusion of depreciation on
mplta.l introduces an-entirely arbitrary distinction between labour input and capital
inpat, since the mneepnndmgmdnﬁnnofdeptmﬁmnnﬂheﬁmknﬂabm services is
not carried out.! To caleulate ¢he rafe of rsturn on ali capieal, our procedure is to subtract
from the value of output plus capitad gains che valus of labour input snd of replacensent.
This resulis in the rate of minmm mmliiplied by the value of accumulated stocks., The
rate of retarn is calculnted by dividiag this guantity by the value of the stock.”> The
1 Thu.pomtﬂ.

Domar [31].
Domar's proceducs {21, p. 717, o, 3] fails k> correct for capital gains, Implicitly, Pompar is asmeming
dﬂmnumﬁmlpmm ﬁmp’iml#mmmh&udiﬂuvﬂueufwtpu wulfathumhndnrnnt
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implicit rental value ofﬂwkthnnmmlgnndis

paK -q;[r+ﬁk ﬁjx..

To calenlate price and qumﬂtym&em for total capital inpot, the prices and quantities of

each type of capital service are aggregated, using the relative shares of the implicit rental
valoe of each capital smm:nthe.nnpllmtrentalmluaofaﬂcnpltal services as weights.

An almost universal mmptunl error in the measursment of mpnal input is to confuse
the agaregation of capital stock with the aggregation of capital service. This-ervor may be
excmplified by the following passage from a recent pﬂ.per by Kendrick [38] devoted: to
theorstical aspects of capntal measuTerment

« o . the prices of the und.-.-.rlymg vapital goods, as established i mackets or onputed
by owners, can be appropriately combined {with variable quantity weights) to provide
a deflator to convert capital valunes into physical volumes of the various types of
- uidertying capiiat goods st base-pesiod prices. Or, the result can be achieved directly
by weighting quantitics by constant prices.
© As I view it, this is the most meaningful way to measure “realc.aplta] stock,™
sinee the wmghted hgprepata teeactres the physical complex of capital goods in terms
of its estimated ability to contribute to production as of the base period.!

The * ability to mnlributnmprodunﬂun" is, of course, measmred by the price of capital
serviees, not the price of investment gopds.®

WB have already noted that direct cbservations are usually available only for values
of trensactions;. the separation of these valaes (nto prices and quantities is based on
much lsss complete information #nd wsually involves indirect inferepces; the presenca of
systematic srrors in this ssparation is widely recognized. Fof cutpat of conmamption goods
or input of labour seevices an &rror in separating the valve of transactions into price
and quantity results in an efror in mearwrement of the prica and quantity of total owtput
or total laboar inpart and in the measrement of cotal factor productivity. For exampls,
suppose that the rate of growth of the price of 2 particular type of labonr servics is megaured
with an ervor; sines all relative value shares remain the same, the resulting érror i the
price of total labour input has & rate of growth aqual to the rate of growth of the srror
multiplied by the refative share of the labour service. The quantity of total fabour opat
Is measursd with an erroc which is equal in magnitude but opposite in sign.  The &cror in
measvrement of the rate of growth of total factor productivity is eqoal to the negative
of the rzte of growth of the error in the quantity of total labowr input multiplied by the
relative share of labour. The effects of an error in the raie of growth of the price of a
particular type of consumption good are entirely analogous; of course, an uwpward bias
in the rate of growth of output increases the measured raie of growth of total facior
produstivity, while an wpward bias in the rate of growth of input decreasss the measured
rate of growth.

An error in the separation of the value of transactions in new investment- 5 into
the price and quantity of fnvestment goods will result in &rrors in measurement of the price
and quantity of investment goods, of the price and quantity of capital services and of total

1 Kendrick {38, p. 1 uatbemmmhyﬂnlldns T, B 129), Fepdrick wakes a similar positicn
mamumutpnpu- mthunnmmts 5]“ The treatmeni-of capital input outlived
hbasedonourwrherpaperﬂll. Thaiahhnwbumrﬁmd paflet recont mevisions in the
U.s.?m'l"hu Mm.kﬂbh‘uﬂn [53] riwtorical question, * what unfts & capital measursd in?* is
angwer ) qu i in¥**

duzl to the meaxurement of the price of capital serviees. | Qiven either an ate measure af the How

Hmﬁlmwamoﬁhmhﬂhmmwhm from the vzioe of income

valld ondy if the far, prodacer equilibrium ars
PP W gl e oo g My R ot v A1 produstity theory of
distribution, umﬂmmmmmﬁuwm maren ity ¢
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factoy productivity, To measure the bias in the rate of growth of the quantity .of invest-
ment goods, we let §* be the relative error it the measirement of the price of inveatment
g-:rada F* the * guantity " of investmeni goods cutput, calculared wsing the erroneous

* price ” of investment goods, aud 7 the actual guantity of investment goods output. The
bias in tha rate of growth of investment goods output is then:

= I : i
F-}-_% s A8

The rate of growth of this bias is mgati‘-’a if the e of growth of the ¢trot in measurement
of the prics of investment goods is positive, and vice-versa. If we Iet X* be the ™ quantity »
of capital cakulated using the erronsous " pm:e * of investment goods and K the actual
guantity of capital:

K*=JI st = | gm0 1@ g
-t

| . Q'O
The bias in the rate of growth of the qmﬁt_',r of capital services is then:
BF E_ I I ! | I Y e®
SN ]. e-te-n LB g, f e~ Y(5)ds
r - Q% -

which js n:gatwc if the rate of growih of the error in measurement of the price of investment
goods is positive, and vice-verse.

To caleulate the error of measurement in total factor productivity, we et C represent
the guantity of consimnption. goods and L the quantity of labour input; second, we let
Wy Tepresant the relative shate of the valve of investment goods & the vatue of total output
and wp the relative share of consumption goods; finatly, we ket o represent the relative
share of the valus of capite] inprut in ibe value of total input and vy the relative shere of
labour. The rate of growth of total Factor productivity may be represented as:

Euw !-I-w E_u E_p g
P 1 fc R 'L
IF we let P* rapressant the measured index of total factor produstivity using the emroneous
¥ price " of investment goodds:

B i* ¢ E* L

F; == 'H?'I-I-; +WEE_SIIKF —iy E.
Subtracting the first of these expressions from the second we obtain the bias in the rate
of growth of total factor productivity:

pe p [" I:I [K' R]
e ——mw =|=vg| ===
Fr P Fag | E* K

Substituting expressions (M-and (8 for the biases in the measuced rates of growth of
capital input and the output of investment goods, we have:
p P g H I - 10)

—_—— e = =Ty .

pe B ar _m g g*ﬂfﬁs}d& ﬁ _ e~ H =)y

If investment and the error in measurement are-growing at constant rates, the biases in
the rates of growth of the ¢oantity of investment goods produced and the quantiey of
capital services are equal, so that the net effect is equal to the rate af prowth in the erTor
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in measorement of the price of investment goods multiplied by the dlﬂ‘cmnse between the
capital share in total input and the investment share in total cntput.’

A second source of erroms in measuremsnt arises from limitations on tb¢ number of
separgte inpnts that may be dlmngmshed empirically. The choice of commodity groups
ta serve as distineg “ inputs * and * outputs * involves aggregation within each group by
simply adding together the quantities of all commaodities within the grovp and aggregation
among groups. by computetion of the usual Divisia quanfity index. The resufting prics
and ¢uantity indexes are Divisia price and quantity indexes of the individual commoditi
only if the rates of growth either of prices or of quantities within each group are identical,

Errors of aggragation in studies of total factor productivity bave mot gone unnoticed ;
however, these errors are freguemtty mislabelled as “quality change”.. Quality change
in this sense occurs whenever the rates of growth of quantities within each separate group
are not identikml,  For exempl, if high guality items grow faster than items of low quality,
the rate of growth of the group is binsed downward refative to an index treating high and
Iow quaelicy itsme a5 separgte commexdities.  To eliminate this bias it is necessary (o constrict
the index of input or owtput for the group as a Divisia index of the individual items within
the group. Elimination of ** quality change ™ in the sense of aggregation bias is cssential
to acturate socisl accounting and: to measuwrement of changes in tetal factor produetivity.
Separsts accounts should be maintained for as many product and factor input categories
a8 poassible.  An pttempt should be made to exploit available detail in any empirical
measurement of real praduct, real factor input, 2nd total factor-prodixtivicy.

In some comiexts the choice of an appropriate unit for the measurement of quantitid\
of real product or veal factor input is not cbviows. For example, fuel may be measaned
in tons or in B.T,U, eguivalents, tractor services may be measured in tractor hours or in
horsepower hours, and o on.  Measures of Teal product and resl factor input may be
adjusted for * quality change ™ by converting one unit of measurement to another., This
procedure conforms to the principles of social accounting we have outlined and their
interpretation in terms of the economic theory of production if the adjustment for gquality
change corrects errors of aggregation. In the examples we have given, if the marginal
products of difierent types of fuel always move. in proportion when fuel is measured in
B.T.11. squivaients bue fail to do 50 when foel is measured in tons, the appropriate nnit
for the measurarnent of foel is the B.T.U. Similarly, if the marginal products of tractor
services measured in horsepower hours always move in proportion, but when measured
in tracter bours fwl to do 50, tractor services should be measured in horsepower hours.

The appropriateness of any proposed adjustment for quality changs may bes con-
fronted with empirical evidence on the marginal products of individual items within a
cominadity group. Under the assumption that these products are equal to the corres-
ponding price ratios this evidence takes the form of data on ralative price movements
for the individual items. Under a moze geueral set of assumptions the marginal products
might be czkufated from an ecomometric production fopction. The latter treatment
wonld be sspecially useful for  linking in™ paw factors and products since the relevant
prices canmot be observed until the new factors and products appear in the market. Any
change in measured total fagtor productivity remulting from a.djus:tmnnts for quality chunge
is explained by evidenis on the movement of marginal products and is not the result of
an a:bqtrar}r choice of ﬂeﬁmtmns. The choice of appropriate units for measurement of

' 537, formula {34 cansiders & special " i5 imported
fmm the Mn Thiz specl {ggu is unme:my a:m&lﬁ:ﬁﬂhelﬂtmlm :il:dﬁ 7

ufMJMWMMWJm[SSI
1es of growth of the rﬂamaminﬂmimwﬂmmtmndsprmmdexanﬂthclwﬂ

Fod constapt rx
of investment, fommh[lﬂ}mﬂ?be&xpmdm

E—;- —||.|-J,.IQ +|,l:§_
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real product andd real factor input may go beyond selection amongaliernative scalar measored
such as B.T.U. equivalents or tong; a commodity may be regarded o5 multi-dimensional

-ndanappmmnnitofmmcmmmbedaﬂmdmphcﬁlybymhngmas

given by so-called “ bedonic ™ pm:indm 'Ihcmnmlpmpert;rofmhprbeindm
is that when prices sice given by a * hedonic ™ price index for the commodities within a
group, all such commodities have marmmﬂ rates of trapsformation vis-d-vis commoditics
outsids the group that move in proportion to.esach other, Tnsofar as this property is shib-
stantiated by empirical evideoce, adjestient of the commodity. group for < guality change™
by means of such a price index is entirely legitimate and amounts to cosrecting an ercor
of aggrepation.’ This is not to say that any proposed adjustment for quality change is legiti-
mate. The appropriateness of cach adjustment must be judged on the basis of the evidence,
M a0 fresh evidence is employed, the choice of appropriate units is entircly arbitraryand any
change in measured total factor productivity resubting from adjustment for *quality
chauge"lsshnplydaﬁnmuml.
thtychmp"mmmﬂmuudmdmbuamaiwoanm
namﬂy, tle error that arises in aggregating investment goods of differeat vintages by
simply adding topether. guantities of investruent goods of each vintage. . If the quality of
invegtmant poods, as measured by the marginal productivity of capital, is not consiant over
all vintages, this procedura results in aggregation expors. An appropsiate index of capital
setvices may be constructed by treating each vintage of investment goods as a separate

-commodity. Fo vonstruct such an index ampirically, data oo the marginal productivity -

of capital of ¢ach vintage at esch point of time are required.  If independent data on celative
prices of capital services of different vintages are-used in the conetrnetion of ench a capitat
services index, any resulting reduction in measured productivity growth is not tantological.
Only where the changs in quality is measured indirectly from the resalting increase in
tofal factor prodoctivity, as suggesied by Solow [&D], does such a procedure resele in the
elimination of productivity change by definition.?

3. MEASUREMENT

1.1, Mnitial estimates

We can now investigats the extent to which measured changes in total factor pro-
ductivity are due fo errors of measurement. ' We begin by constrosting ivdexes of total
owlpot and total input for the Tlnited States for the twenty-year period following World
War 1L, 194565, without correcting for errors of measurement. A an initlal index of
total output we take 1.5, private domestic produoct in constant prices as measured in the
11.8, naticnal product accounts [48).  As an index of total inpot we take the sum of labour
and capitsl services in constant prices. Labour and capital services are assnmed to be
proportional 0 stocks of labour and capital, respectively, The stock of labour is taken
to be the numhﬂrufpumﬂsmmaandmthemmdommmturaﬁhcus.emnnmy
The stock of capital j& the sum of land, plant, equipment, and nventceies emplayed in
this sactor.”  The rate of growth of total factor productivity is equal to the difference in
the rates of growth of total ontput and total input.

Indexas of total output, total input, and total factor productivity are given im Table T
The average annnal rate of growth of todal sutpot over the period 1945-65 iz 399 per cent.
The averags rate of growth of total input is 1-83 per cent.  The average rate of growth of
totad factor productivity is 1-60 per cent. The rate of growth of total input explaing 52+4

1 Smﬁrﬂnhm[ﬂ]uﬂmmfmgimﬂm

3T¢nﬂh of Inboor and eapatal precisely it would be neceesary to po sven further,
lhunp}uyedworbmahuuldhclnmﬂdiummd]i munﬂnplnwdmhmm inchuded
i #he stack of capital, Workers shoold b apesated by meane of discountsd fstime incomes sincs

capital goods are aggpregated by mwans of assel pooes,
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_ TABLE 1
Toral cutpa, Inpot, MW, Ir.5 private
domextls economy, |  dnditiad extimedes
1 2 3
15 06y 0786 0891
14& 0680 orary 835
MY g OrEsd - TH
1R e 5N 36
1045 i BT OrEdf
1950 ram oram iy |
1951 {852 0ro2y 04919
1952 0-£73 M7 rodd
1953 a7 - o951
1934 04 9% rodg
1933 (r9B1 o978 1003
1356 9o 1000, 998
195Y 19013 1012 1000
1954 10 (R 01] 1Y)
1959 1069 1DI1% IsE
1960 100G I3 1057
19461 I'115 101 iR
1962 1-18% 1057 1123
19l 1-2ay 108 1152
1354 1-307 1097 1168
3 1387 1:129 1"

1. Output. 2. Inpat. 3. Productivity.

per cent of the growth in output; the remainder iz explained by changes in total factor
productivity.
3.2. Errars of aggregation

‘The first exror of m=asurement to be eliminatad & an error of aggregation. This error
results from aggregating labour and capiral seevices by summing quantities in constant
prices. To tliminate the error, we replace our initial indax of total input by a Divisia
mdex of labcur and capital input, as snggested by Solow [61]. A similar egror results from
aggregating copsumption and investment goods output by adding together quantities in
constant prices. This error may ba eliminited by replacing our initial index of total
output by a Divisia index of consumption and investment poods output. Indares of
total output,.total input, and votal factor productivity with these errors of aggregation
elimipated ar¢ presented in Table L.

The average annual rate of growth of total output over the peried 1945-85 with the
error in aggregation of consumption and investment goods ontpat eliminated is 3-39 per
cant, The average rate of growth of total input with the error in aggragation of labour
and capital services eliminated is 184 per cent. The resulting rate of growth of total
factor productivity is 1-49 per cent. We conclude that these errors in aggregation rasult
in &n overstatement of the fritial rate of growth of total factor productivity. With these
errors eliminated total inpet explaing 54-3 per cent of the growth in total output, This
result may be compared with the 52:4 per cant of the growth in total output explained
initially,

3.3, Inwestpient goods prices

We have demonstrated that an error in the measurement of investment goods prices
results in errors in the measureient of total output, total input, and total factor productivity.,
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Roughly speaking, a _pogitive bias in the rate of growth of the investment goods price
judex results in a pummre bias in the mate of growth of wial factor productivity, provided
that the share of capital in the value of input axceeds the share of investnent in the value
of output, This condition is fulfilled for the U5, private domestic sector thronghout the
period, 1945-65, Hence, we must examine the indexes of investment goods prices that
noderlie our measvrement for possible sources of bias.

Except far the price index for road construction the price indexes for structures that
widerlie the U.S. national accounts are indexes of the cost of input rather than the price
of output. In the absence of changes in total factor productivity properly constructed

TABLE II
Terad cuipur, J.-ur.ur, o productivity, ULS, privete domesils
soonassy, | 5-6#: errovs af mmgn £ﬂm
1 2 3
1945 il | 753 a1
1546 rary Or310 i}
1947 Qo694 - 347 iz
1548 0727 orsT0 0840
1942 o727 orgsd OrEds
1950 o800 rgge 0o
1731 o83l 925 0521
1952 OrET3 orass 0926
1953 0813 O96d 951
1354 oo0s o5 0-250
1945 rug? 078 105
1956 Ol 101 8408
1957 143 1012 1000
1958 14000 1400 1-000
1550 1-07% 0 T4
1540 1084 1036 1'057
1941 I-115 1338 1072
1362 1-18% 037 24
1943 1240 1073 1153
1984 1-307 1-0946 1-180
1965 1387 1028 17225

1, Gatput. 2. Iopmt. 3. Producivity.

price indexes for construction input would parailel the movements of price indexes for
output. This i assured by the duval te the nsval definition of total factor productivity (3).
Dacy [12] has shown that the rate of grawth of the price of inputs in highway consteustion
it considerably greater than that of the price of comstruction output. Danys output
price index grows from 0-805 o 0982 from 1947 through 1959, while the input price
index grows from (+615 to 1-024 in the samé peried, both on a bm: 1-000 in 1958.! This
empirical finding is simply another way of looking at the positive residual betwesn rates
of growth of total eutput and tetal input whers total factor productivity is measured with
error. Input price indexes are subject to the sameerrors of aggregation as the corrsspond-
ing quantity indexes, Since input quantity indexes Erow toa slowly, input price indexes
grow toc rapidly.

ependimces whmhm o S5 e 108 (rowm, 1941 thoush m; "%utml e Deptien
omitput price index for construction aad the peice of consumplion goods ts an u.phnatnm o the
difference in rates of growth of prices of consumpiion and investment Gordon [26].

This diferance reaiit: from ithe mrofmmmmlhtﬂngm {nmﬂpnmmdcxmplauoj‘anmw
pﬂ;ind:x fior anvestment goods, IF thiy civer is corrected, the diffarence vanishes.
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The use of input prices in place of ontput prices for structures results in an important
error of meamirement.. To eliminate thic arvor it is necessary. to use an ontput price index
i measwring prices of both investment goods cutput and capital seevices input, Ao index
of this type has been constrocted for the OBE 1966 Capital Stock Study [49] Components
of this index include the Burcau of Public Roads price index for highway structuces, the
Bell Sy:em p:l.'i_l::ﬂ indax for telephone buildings, and the Bureau of Peclamation price
indexes for pumping plants sud power plants, The resulting composite index 1may be
compared with the implicit deflator for mew construction from the T1.8. national accounts
[48). The implicit deflator grows from 0-686 to 14029 during the period 1947 through
195% while the OBE Capital Goods Study price index for new conatruction outpat grows

TABLE IIi
Alerriaiioe invesimar deflatars

1955 1914 ] 4o 9859 a9 15" E ]
1336 0059 342 o915 245 975
1957 1.001 0992 0984 o075 0978 1113
105R £000 1000 1000 1000 1006 0994
198 1006 1029 1014 1020 {012 a1
1960 1.005 1042 1005 1022 1026 1"DX0
1961 1-H8 1053 1H¥6 10 1037 1M1
1952 14024 L) 1008 1-02% 18 1-p0]
19853 1.028 11089 14004 1023 14058 1011
1054 1-5% 1-11% 1-004 1-i31 071 1014
1965 1059 1-14% 0995 14038 1-08% 1032

1. Strochures IL 4, Equ L

L Srmeiures I, 3. Inventorizs JT.

1. Equipment IT. 4. Inveniones T

from +762 to (0955 during the same period. Thus the refative bias in the input price
index for all new construction as & measure of the price of construction cutput is roughly
comparable to the relative bias in Dacy's input price index for highway construction as a
measure of the price of highway construction owipnt, The ioput price index, labelled
Structures I, and the cutpuat price index, lJabelled Structures IT, are given in Table 111,

The price indexes For equiprmemt that underlie the 11,5, paticoal accounts am based
primarily on data from the wholesale price index of the Burean of Labour Statistics [ﬁ].
Since expenditures on the wholkesale prica index sre less than those on the consumers’
prics index [4], adjustments for quality change are lese frequent and less detailed. A
direct comparison of the durables components of the wholesais and consumers’ prics
indexes gives some potion of the relative bias. The wholesale price indax increases from

0646 to 1-023 and the consumers’ price index ingreases from (+858 to 14022 over the

pericdd 1947 to 1958, both on a base of 1-000 in 1958, A direct comparison of components
common to both indexes peveals szsantially the same rslationchip, To corpect for hias
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in the implicit deflator for producers’ durables, we substituie for this deflator the inplicic
deflator for consumers’ durables.. The-deflator for producers’ dumbles increased. from
0-646 in 1947 to 1020 in 1959, Owver this carne period the deflator for consivers” durablas
increased from 0-827 to 14014, both on 3 base of 1000 in 1958, .Thaus the refative biag in
ths producers’ durables price index a5 revealed by & comparison with components common
o the wholesaks and consumery’ mindmmyhmnmedhymphrmbmmtmgthe
implicit deflator for consumers’ durables for the producers’ durables deffator. Both
indexes are given in Table IT; the producers’ durables index is labelled Equipment I while
the consumers’ durahles index i Jabelled Equipment I1:

The durables component of the consumers’ prbemﬂbxwasntmﬂfmhjeﬂtomu— .

siderabe upward bias in recent years. The consumers' price index for pew automobiles
increased 62 per cent from 1947 to 1959, It hasbesn estimated that correcting this index
for quality change would reduce this increase. te only 31 pee cont ju the same period?
In view of the upward bias in the consumers” price index our adjustment for bias in the

! durables price index. is conrervative. In order to radnce the error of measuras
ment further, detailed ressarch Hke that already carried owt for antomobiles & réquired
for cach class of prodocers’ durable equipment.

The price indexes for changs in-business inventories from the U.S. national accounts
contain year-to-year fluctuntions that result from changes in the composition of investnrent
in inventorits: thege changes are pmch mora subgtantial then the corresponding changes
in the composition of inventory stocks. The implicit deftator for change in inventories
is not published; howzver, it may be computed from data on chaoge in inventories in
current and constant dollars. Changes that amount to uearly doulling or halving the
idex occur from 1946 to 1047, 1947 to 1048, and 1951 to 1952, The velus of the index is
0-357 in 1945, 0-638 in 1946 and 2-310 in 1947, all an 3 bags of 1504 (or, to be axact, (-994)
in 1958. The index drops to 14023 in 1948 and 0-783 fu i949. A less extreme but equaily
‘snbstantial movement in the index occurs from 1952 throwgh 1957, Changes in the
imphicit deflator of this magnituds canpet repressnt movements in the price of all stocks
of inventories considered an investment goods. To represent thess movements more
acourately, we replace the implicit deflator for change in inventories by the deflator for
private domestic consumption expenditures. The kevel of this index penerally coincides
with that of the implicit deflator for changs in business inventories; howewvar, the fluctna-
tions are much less. Both indexes are given in Table HI; the implicit deflator for change
in business inventoties is labelled Iowvemtories I while the implicit defiator for private
domesti¢ consumption expenditores is labelled Inventories 1.

Indexes of total input, total outpmt, and total factor productivity with errors in the
mesasuremnent of prices of investment goods eliminated are presentad in Tabke IV. The
average rate of growth of totzl owput over the period 194565 with these exrors of measure-
ment removed is 3-59 per cent.  This rate of growth may be compared with the original
rate of growth of total cutput of 3-49 per cant or with the rate of growth of 3-39 per cent
for total output with emors of aggregation removed. . The averags rate of growth of total
fnpmt over this period iz 2419 per cent. The original rate of growth of total inpat js 1-83
per cent; with errors of aggregation removed the rate of growth of total input is 1-84 per
cent.  The rate of growth of total factor productivity is 141 per cent.  With erors in
measurestent of the prices of investment goods eliminated the rate of growth of total
input explains 6140 per cent of the rats of growth of total output.

34. Meameement of services

Up to this point we have assuaned that labour and capital services are proporticnal
to stocks of labour and capital. This assumption is obvipusly incorrect. In principhe
flows of capital and labour services could be measured directly. In fact it is mecessery to

} Griblches [28, Table 8, Yast cojumn, p. 397].
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infer the relative tilization of stocks of capital and labour from somewhat fragmentary
data. Olom [50] has aviemped to civcomyent the problsm of direct observation of labour
and capital scrvices by assumning that the relative utilization of both labour and capital is
nfnmofth:nmphymmttmfwhbommthuthappbetmmm
 poterytinl ” output, that iz, output at full wilization of both factors, may be
in terms of the unemployment rate. Aﬂmﬂarnnhnnhasbeenmedbysmnw [62] 1o
adjust stocks of labour and capital for relative utilization. Most of the available capacity
utilization measures are based on the relationship of actwal cutput to output at full utiliza~
tion of both labour and capital, s0 that these measures also attempt to adjust both labour

and eapital simaltansoushy.

TABLE IV
Toraf output, Inpet, and factor edhma-‘krmﬂm 1945-555,
*rrors in ml'gaods
1 a ]

1045 {roie2 738 o313
1548 CHGG2 0346
1547 0679 o2 0329
1548 o7lg ko L 853
1l onr ez 0§54
1954 - 08 357 o2l
1951 0832 0908 925
1952 38 830 0925
1953 rons 350 954
1954 0900 2 0557
{555 g 1956 1015
1955 335 0295

1957 I 14D 2000
1958 10M 1-000 1000
ki 1078 1022 1axz
1060 LIGF T2 1061
1961 1-127 143 rory
19462 1-199 14971 ‘117
1943 1-X9 1091 1142
1054 1-3[9 11117 1:17%
1965 1-400 1153 12089

', Owpat, 2 Input. 3. Productivity.

{hr approach to the problem of relative wtilization iz somewhat more direct in that
we atlempt to adjust mplta] and labour for relative utilizatiom separatedy. Of course,
thie adjustment gives rise to 4 new soncept of “* potential * or capacity output, but we do
nof pursue thizs notion further im this paper. Oue first assumption is that the relative
utilization of capital is the same for zll capital goode; while this is a very strong assumption
it is weaker than the assempton usdedving the Okun-Sclow approach in which the
relative utilization of capital and labowr depends on that of labour. We cstimaie the
relative wtilization of capital fom the relative utilization of powser sources.! Data on
the relative atilization of eleciric motors proviles an indicator of the relative utifization of
capital in manufactaring, since slectric motors are the predominant source of power there.
We azssume that relative utilization of capital goods in the maoofacturing and non-
manufacturing sectors is the same. 'When more complete data become available, this
assumpdion can be replaced by less restrictive assumptions,  Unfortunately, this adjustment

! Fous [24]. Sve the Staistical Appendix for further details.
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allows only for the irend in the relative utilization of capital; it doss not adjust for short-
term cyclical variations in capacity utifization. Thus we are nnable to attain the objective
of complete comparability between measures of labour and capital inpuf.
'I‘haaaaumyhmﬁatlahommwpmpoﬂmnﬂmm stock of labour is obviousaly
incorrect. - Dnthcnthuhnud,theamphonthathbommmmham
directly fromm data oo mpan-hours is equally incorrect, as Denison [14] has pointed out.
The intensity of effort varies with the number of houre worked per week, so that labour
input can be measnred acemrataly only if data on man-hours are corrected for the efiects
of variations in the sumber of hours per man an labour inténgity, - Denison [15] suggests
that the stock of labonr provides an upper bovnd for labour services whilée the number
of man-hours provides a lower bound. He estimates labour input by correcting man-
hours for variations in Jabour intengity, We mpley Demsn:m s correction for intensity,

TABLE ¥
Total inpur and factor producilyity, UK. pﬂm!‘e dosresile seoxanty, 194565,
4rrors i reladive atifieorion elimiveted
1 2
1945 716 o368
10446 742 B35
1947 77y 1T
1948 O-gor (rEsg
1549 o802 or3ed
1950 330 0963
1951 J-813 863
2 050 i

1953 s

1954 923 ro7h
1955 ] 1023
1956 it 1001
1957 1009 1-000
1938 1-000 1000
1959 i-035 1038
1560 1057 116
1961 1067 1+0e5dd
1942 1089 1098
1963 1114 1118
1964 148 1'147
1965 1189 1172

1. Icput, 2, Productivity,

bat we apply this correction to astual hours per man rather than potential hours per man.
Thas, our measere of labour input reflects shori-mn wariations in labour intensity.

The assumption that labour and capital serviess are proportional to stocks of labour
and capital results in an error in separating a given valne of transactions into a price
and a guantity. To correct this ecror we multiply the pumber of parsons enpaged by hours
per man. The resulting index of man-hours is ther corrected for variations in labour
intensity, The cotresponding error for capital 15 corrected by multiplying the stock of
capital by the relative utilization of capital. Indexes of total inpot and total factor pro-
ductivity after these srrors have been eliminated are presented for the period 1945-63 in
Table ¥. The averege anowal rate of growth of total owtput is the zame as before these
corrections, 3-3% per cent per vear. The average rate of growth of total input is 2-57 per
cent, The resulting average rate of growih of total factor productivity is 096 per cent.
Total input now explains 71-6 per cant of the rate of growth in total ontput.
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3.5, Capital servives

In mmrertmg estitnates of capital stn-:lr. into estimates of capital services we have
dimga.rdncl an inportant corceptual ecror in the aggregation of capital services. While
investment goods output roust be aggregated by means of investment goods or asset prices,
capital services must be nggregated by means of service prices.

Thaptmes of capital services are related to the prices of the corresponding investment
goods; in fact, the asset price iz simply the discounted value of all future capital services.
Asset prices for different investment goods are not propottional to service prices becavse
of diflerences in rates of replacement and rates of capital gain or loss among capital geods.
Implicitly, we have assnmed that thess prices are proportional; to efiminate the resulting
110 10 measurcment, it is necessary to compute service prices and to wse these prices in
aggregating capital tervicss.

We have already outlined a methed for computing the price of capital services in the
absence of direct taxation of busifiess igoome, In the presence of direct taxes we may
distinguish betwesn the price of capital services before and after taxes. The sxpression (7)
given above for the price of capital services is the price after taxes. The price of capital
services before taxas i1

l—uv | 1—uw 1-ux gy
=7 } .11
B J!il"li.'l—at d 1—u 8- 1t g ] - an
where u is the rate of direct taxation, v the proporticn of raturn to capital allowabls as a
charge against income for tax purposes, w the preportion of rcpiax;ment allowable for
tax purposes, and x the propection of capital gaing included in income for tax purposes

We cetimata the variables desaribing the fax steocture as follews: The rate of direct
taxation is the ratio of prafits tax liability to. profits before taxes. The proportion of the
ratorn to capital allowable for tax purposes is the ratio of net interest to the total return
to capital. Total return to capital is the after tax rate of return, #, multiplied by the current
value of capital stock, The proportion of replacement allowable for tax purposss is the
ratio of capital consumption allowances to the current valus of replacement. The pro-
portion of capital gaigs incloded in income iz 210 by the copventions of the (1.5, national
actoonts. Given the value of direct taxes we estimate the after tax raie of return by
subtracting from the value of output plus capital gains the valwe of laboor input, replace-
ment, and direct taxes. This results in the total return to capital. The cate of return s
caleulatsd by dividing this quantity by the evurvent value of the stock of capital. Given
data on the rate of return and the variables describing the tax structure, we calevlaic the
price of capital services before taxes for sach investment good,® These prices of capital
gervices are used in the caleulation of indexss of capital input, total inpuat, and total factor
productivity.

For the .S, private domestic economy it is posgible to distinguish five classes of
investment poods—Iland, yasidential and non-residential stroctuvres, equiproent, and
mventories. Although ft is also possible to dlstmgufsh a nnmbnr of subeclasszs within
sach of these praupings, we will employ caly the five major groups in mlcula.tmg an index
of total capital input. For each group we first compute a before tax servics price annlngous
to (11). We then compute an index of capital input 45 a Divisiz index of the services of
land, structures, eqmpment and inventories. In mnstm:hng this index we eliminate the
conceptual srcor that arises from the implicit assumption that service pricés are proportional
to asset prices for different investmgnt goods. In eliminating this concepinal emor we
also elitsinate the error of aggregation that results from adding together capital services
in constant prices to obtain an index of total capital input. To climinate the corvesponding
error in our index of imvestment goods outpat we replace our initial index by a Divisia
index of investment in structotes, equipment, and inventories. Indexes of toral ontput,
total inpuot and total factor productivity resultiog from the elimination of these errors ane

1 Further detailz am given in the Statistical Appendix.
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presented in Table YL Th:nﬂcrtaxratcofremmlmplhzmmemwmdu of capital
input is alsp given i Table VI

Theﬂﬁrag&ral:ofgrowthofbutalnutputowrthnpmod]?ﬁ-ﬁimththnmorin
aggregation of investment gnods eliminated is 3:39.. This mte of growth i essentizlly the
same as for total output with errors in the aggregation of consomption and invesnent
goods and errors in the measarement of investment. goods prices eliminated. The average
rate of growth of total input with errors in aggregation of capital services eliminated is
257 per cent. This rate of growih may be compared with the initial rate of growth of
1-83 per cent.

TABLE Y1
Toial inpof ond productircy, U5, private domesile scosomy, 1945-65,
&TTOr: mwmwwm Areplicl rote af refirn qfter fzxes
1 2 3 4

1945 rae2 0671 1030 158
1948 as5el re0E 0950 IS
M7 Q578 r73s 926 {237
10E 7ET 765 o4l L1 ik
195 o6 713 2 0026
1350 797 0-End 0resa oS
1951 L b 4840 {rigs
52 OrB57 -850 o9Th Orid3
1953 o805 e o9y oroel
1954 &ron0 o2l 958 oo

oGz ol 103 i1l
1055 0-095 087 11008 175
1957 10049 105 10 ori138
1958 1000 1000 1000 &107
%5 1077 1035 1035 oe?
1960 1107 1-063 140 a-1)F
1961 11 14Fi6 16 118
1962 1-15% 1-069 1039 0-138
19455 1230 1126 1207 aln
1964 134 {-160 1-1d . 0127
1955 1-401 1-H68 1157 ig Ly |

1. Quiput. 2. Input. 3. Productivity. 4, Rats of rebhin,

The resulting rate of growth of total factor productivity is 0-58 per cent.  The index of
total factor productivity with thess errors elimivated is presented in Table VI With thess
errors eliminated total input explaine 82:7 per cant of the growth in total catput. The
priginal index of total input explaing 52-4 per cent of this growth.

3.6, Lobour services

‘We have climinated errors of aggregation that arise in combining capital services
into an index of total capital input. Simdlar errors arize in combining different categories
of Iabonr sarvices into an index of total labowr input, Implicitly, we have assomed that
the price per man-hour for sach l:ateg-nrynflahufur services is the same: (o eliminate the
muluugarmrnfmsumnent it i neotssary to wse prices per man-hour for each category
in computing ao fadex of total labour input.  Second, to climinate the error of aggregation
that results from adding together Iabour services in constans prices, we replace our initial
index of labour input by a Divisia index of the individual categories of labour sarvices,

The Divisiz index of total labour input is based on a weighted average of the rates
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of growth of differeat categories of labour, using the refative shares in total labour com-
pensation as weights. To represent our index of total labour japut, we let L, represent
the quantity of juput of the lth labour service, measured in manhours. The rate of growth
of the index of total Jabour input, say L, is:

L la
L Eu’L;

where vy is the relative share of the ith category of labour in the total value of labour
input, The nember of man-hours for eack labour service is the product of the number
of men, say #,, and hours per man, say f;; nsing this notation the index of total labour
input way be rewritten:

L :ﬂ:m'l'zﬂlh;

For comparizon with our initial indexes of labour input we separate tha rate of growth
of the index of labour input into thres componants—change in the total number of men,
change in hours per mpan, and change in labour input per man-hour, We have assumed
that the number of hours per men i5 the same for all categoties of labour services, say A.
Letting N represent the total number of men and ¢, the proportion of the workera in the
ith category of labour serjvees, we may write the index of total labour input m the form:

L A R .. &

ety (12)
Owr initial index of labour input was simply N, the number of persons engaged; we cor-
rected this index by taking into aceount the number of bours per man, H, To eliminate
the remaining ervors of aggregation we muost comect the rate of growth of man-hours
by adding to it an index of labour input per man-hour, The third term in the expression
gﬂmm labour input given above provides such ao index. We will let E represent

is i , 50 that: .

E_ 54, -A13)
E 1]

fﬂr computational purposes it 15 convenient to note that the index may bs rewitien ia the
orm:

E P .

B EEPW.I d) == Tpié,,

whete p, is the prive of the fth category of labowur serviees and pf is the relative price. The
relative price is the ratio of the price of the ith categwy of labour cervices to the averags
price of Iabour services, Zp.e,.

In principle it would be desirzble to distingnish among categories of Iabour services
classified by age, sex, occupation, aumber of years schooling completed, induostry of
employment, and so on, An index of labour input per man-hour based on such 8 break-
down requires detailed research far beyond the scope of this study. 'We will computs such
an index only for males and only for categoriez of labour broken down by the number of
school years completed. The basic computation i= presented in Table VII. Data on
relative prices for labour services are available for the years 1939, 1949, 1956, 1938, 1959
and 1963.! Combining these prices with changes in the distribution of the labour force
providas 3 measure of the change in labour input per man-hour.?
Tﬂﬂ:;&ﬁi&ﬂdthﬂsmuhﬁ%mbmiulnbmmmﬁmmmﬁhthﬂhﬁxﬁaﬂhmmﬁ;

hui%dﬁunﬂd:ﬂﬂsmtbau‘iﬂihﬁnnﬂth:[abwrﬁnm arn presented o the Statistical Appendix,
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Indexes of total input and total factor productivity with errors in the aggregation of
labour- services climinated ave. presented in Table VIII.- The average rate of growth of
total input aver the period 1945-85 with the ecror in aggregation of labour services eliminated
i3 347, ‘This rate of growth may be compared with the initial rats of growth of total input
of 1-83 per cent, “The resulting rate of growth of total Factor productivity is 0-10 per cent.
'With these esrors eliminated total input mplains 96T per cent of the growth in total ouiput,

TA]!LE YIIL
Tam“qpﬂamd‘j‘nﬂdfpmduwmy I'S. :domﬁmcmmwlﬂi-ﬁs,
#rvors M apgrepaiion of tnpirt allminated
1 2
1345 r6dg 1050
14 661 1001
1847 4700 a7l
1348 732 a8l
1949 o743 0966
1930 776 1025
1952 £4523 1017
1952 -E37 002
1953 847 1030
1954 0B 10T
1935 0536 148
1%:55 1 F) e
1937 o907 1012
195§ 1000 1060
1939 1047 1027
1560 1077 1027
196T 11056 1027
1582 1-12% 1064
1963 I'15E 14076
1964 1200 1096
1965 12558 112

4, SUMMARY AND CONCLUSION

4.1. Sanmury .

Thepmus:ofthmpnperhasbmntuemmtb:hypomnhatfqmmuf
cutput and input ate measored accurately, goowth in total output may be Jargely axplained
by growth iu total input. The results are given in Table IX and Chaets 1, 2 and 3, We
first prezant owr initial estimates of ratez of growth of ouiput, input, and total factor
productivity. These estimates include many of the errors made In attempis 1o meeasurs
total factor productivity withoat fully exploiting the ecoromic theory underlying the social
accounting concepts of real product and real factor input, 'We begin by eliminatics srrors
of aggregation in combining investment and consumption goods and abour and capital
services. We then eliminate errots of measursment in the prices of investmeni goods
arizing from the use of prices for inputs into the invesment goods gector rather than
outputs from this sector. We remove errors arising from the assomption that the flow of
services is proportional to stocks of labour and capital by introduing direct cbservations
on the rates of utilization of Iabour and capital stock, We present rates of growth that
result from correct aggregation of investment goods and capital services. Finally, we giva
rates of growth that result from correcting the aggregarion of labour services,
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The rats of growth of inpwt lnma]l}rcxplnmsﬂ;dpumtnft'hﬂme of growth of
onipat.  After elimination-of aggregation errore and- corraction for changes in rates of

utilization of labonr and.capital stock the rate of growth of input explaing 96+7 par cent
of the rate of growth of -outpui; change in total:factor productivity explains the rest.

In the terminclogy of the theory of production, movements along a given production -

function explain 967 per cent of the observed chenges in the pattern of productivity
activity; shifts in the production function sxplain what remains.

This computation is based on the 1945-65 period, measuring total factor productivity
pezk to pesk, If one were to chioose a different set of years, the numesical results would
be slightly different, but their main thrust world be the same.  For example, stacting with
the Post-Korean peak year of 1933, the rate of growth of input initially explaing only
37:3 per canit of the rate of growth of output. Afler all the correstions the rate of growth
of input explains 79-2 per cant of the growth in cutput between 1953 gad 1963, reducing
the estimated rate of change in total factor productivity from 2-12 per cenx per year to

' TARLE 1IX
Toral cvaput, epind, and factor produstioity, IS, pripate Jomstic soonomy, 194565,
average anneel roven of growh

Ourpat Inpui | Prodoctivity

1, Tedtia] Juo 1-83 150
Estimaten after coreection oy

Z, Errone of agemeeation ' X0 1.84 14

1. Errors in inveptnent gooda prices 350 212 141

4, Entm o rolative 355 .57 1 523

3. Expors in aggregation of al services 359 o7 055

&. Ervore inn aggregation of 350 3.47 o1

072. We conclade that ovr hypothesis is consistent with the facts. I the economic theory
umderlying the measurement of real psoduct and real factor input is proparly exploitad,
the role to be assigned to growth in total factor productivity ts soall.

4.2, Evalumtion of past vegearch .

Onr conclusion that most of the growth in total output may be explained by prowth
in toial inpmt iz just the reverse of the conchosion drawan from the great body of past
reasarch on total factor productivity, the research of Schmonklsr {45], Mills [46), Fabricant
[23), Abramovitz [2), Solow [61), and Keéndrick [37]. These comclusions, stated by
Abramovitz, are ., . . that to explain a very large part of the growth of total output
and the great bulk of output per capits, we must explain the toereass in owtput per unit
of conventionally measored inpats. . . ' *.  This conclusion results from inadeguaries
in the basic economic theory underlyiog the social accownts employed in productivity
mecasurements, The increase in output per unit of conventionally measured imputs is
characterized by very substantial errors of measurement, equal in rasgnitnde to the
alleged increass in productivity. Wehavemmamnmtaanddumhdlmtufmmnf
this type.

Our results differ from those of Denison [15] in that we correct changes in total
factor productivity for errors in the measurement of putpot, capital services, and labour
services, while Denison comects only for arrors i the measurement of labour sarvicas,

1 Almamoviez [, p. 776]
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To get some idea of the relative importance of errors in the measurement of labour and
errofs in the measurement of output and capital, we may observe that the rate of growth
of total factor productivity is redeced from 1-60 per cemt per year to 0-10 per cent per
year. Of the total reduction of 1-50 per cent per. year strors in the measurement of output
and capital account for 1-17 per cent per year while errors in the measurement of labour

INDEXES OF TOTAL QUTFUT AL INFUT AND TOTAL FACTOR
PRODUCTIVITY {1058 ~ 10y, 'U,s PRNATE DOMESTIC ECONOMY,

1945 1930 1935 1960 1955
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account for 0-33 per cent per year. We conclude that ercors of measursment of the tnin
left uncorrected by Denison are far more important than the type of errors he corrects.

Our resulte suggest that the residual chang in total factor productivity, which Danison
attributes to Advance in Kpowledge, s small Our conélusion is not that advances in
koowledge are naghigihls, but that the accumulation of knowledge is govarned by the same
economic laws as any other process of capital accumulation, Costs must be incurred if
benefits are to be achieved. Although we bave made no attempt to isolate the effects of
expenditures on research apd development from expenditures on other types of corrent
inpuis or investment goods, oor restlts snggest that social rates of return to this type of
invesiment are comparable to rates of return on other cypes of investment. Of course,
our inference is indirect and a better t2st of this proposition covld be provided by divect
observation of private and social rates of return to intestrpent in scientific rescarch and
development activities. Unforfunately, many of the direct observations on these mates of
return available in the literature attribute alf or part of tha measured increase in total
factor productivity to investment in research and development; * since these measured
increases am subject to &Y the erroms of messurement we have enumerated, satisfactory
direct tests of the hypothesis that private and social rates of reture (o reseaich and develop-
ment investment are squal to private rates of return to other types of investment are not
yet availzble, .

Another implication of our results is that discrepancies between private and social
sterng to investment in physical capita]l may play a relatively minor rols in axplaining
economic growth. Under the operational definitions of total factor productivity we have
adopted, a positive discrepancy between social and private rates of return would appear
as a dJownward bias in the rate of growth of input, hence an wpward bias in the rate of
growth of total Pactor productivity, The affects of such discrapancies are humped together
with the effects of other sources of growth in total factor productivity we have measured.
The fact that the prowth of the resulting index is small indicates that the coneribation
of iovestment to economic prowth is largely compensated by the peivate retwrns te invest-
ment. This imphlication of omr findings is inconsistent with explanetions of sconomic
growth such a5 Arrow's model of learning by doing [3], which are based on g higher so0al
than private rate of return to physical capital.?

O course, ours is not tha Hirst explanation of produoctivity changa that doss not rely
primarily on discrepancies between private and social raies of return. An explanation
of this type has been propossd by Solow [60], namely, embodied technical change, As
Salow [59] points out, explanation of measured changes in total factor productivity as
embodied techmeal change does not reguire discrepancies between private and social rates
of return: . . . the fact of expectable obsolescence mduces the private rate of return
on gaving befow the marginal product of capital 25 one might ordinasily calculate it, But
this discrepancy is fully reflecred in a paraliel difference between the marginal product of

! Errors in tbe aggregation &f labour sarvices aecount for 048 pé conl per year, but this ix offet by
ermoas of speasurioeny In the relative wislizadion of labour of =013 per cent per year so that the oet
correction for arrors of peasurement of [abour is @33 per cent et yuar.

An wltematic: interpotation of cur sesulis hmi;dhr analogy with the conepual frame-
work for techedcal ¢ discugsa] by Diarnond [16]. of meammement in the growth of labonr
gervitet bt demoted [abaour-dirmmishing «mors of measurement; capitabdininishiong srvors of measure-
menl may tad fnte srobodied and disesnbodicd ercors.  Erroms in capital due to erpors jn fhe
measerement of prices of investraent goods are anajogous o embodied technical change.  Flrally, some
e!";the arrars in measurerent sffect kvels of output; thess errors may be denated output-dardnighing srmors
of measurement. .

A decompoaition of total errers of measurament inte labour-diminishing, capital-diminfshing, embodicd
apd disembodied, aod output-diminishing B as follows: Labout-dinduiching srrees of measurement
conliibuate - 13 per cent per year to the initial measured rate oF growth of tolal factor productivity, Embodied
capital-diminishing emars coatrilade 0028 per cont per year and disombpdied capita-diminkhing errors
caniribute H'th::t u@t per ﬁ I'%miﬂl_\_r. ot it-ﬂmm’hu:mlﬁm? g measament of OF10 per cent
P& peAr Fuust alt againgt the ingut-diminghing arory torlli Pet cEni pec year,

2 Sen, for oaampls, the studies of Minasian [47]) and Mnn.ﬁ‘i:tdnrﬂ].

1 Bee Levhari [40, 41] for an elabaration of this paiat.
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capital and the social rate of return on saving. So . . . the private and social rates of
return coingide’ . Tn referring to ** capital as one might ordinarily calcutate it ", Salew
explicitly does not identify quality-corrected or “ surrogats ™ capital with capital iaput

and “ surrogate ** investment with investment goods output. In Solow's framework the
marginal product of * surrogate ™ capital iz precisely equal to the private and social rate
of return on saving. The difference briween Solow's point of view and owurs is that the
private and social rates. of refurn are equal by definition in kis framework, where the
equality betfﬂen private and zocial rates of return is a testable hypothegis within our
framework.

4.3, Implications for future research _

The problem of measuring totel factor productivity is, at bottom, the same as the
estimation of national product and national factor input in constant prices. The maphica-
tion of our findings is that the predominant part of economic growih may be explained
within a conventional social accomuting framework, Of course, precise meastrement of
productivity changs requires attention to refiability as well as accuracy. Our catalogue of
eirors of measurement could serve 25 an ageada for correction of ervors in the measurement
of vutput and for intorporation of the measurement of input into a unifled social acconnting
framework. Given time and resources we could attempt to raise all of our measuraments
to the high standaeds of the U.S. National Product Accounts in current prices.  This
could be done with some difficnity for rates of relative utilization of labour and capital
stock and the prices of ipvestment goods, which require the introduction nf new data
into the social accounts. The elinwimation of aggregation etrors in messuring capital
sexvices and investment goods requires a ¢onceptmal change to bring thase concapis into
rloser correspondence with the economic theory of produetion. The measurement of
appropriate indexes of [abour input, corrected for etrors of agpregation, pecessitates fuller
expleitation of existing data on wage differentials by edvcation, oocupation, sex, and 50 on.

The most serions weakiess of the present study is in the use of lopg-term tronds in the
ralative vtilization of capital and labour to adjust capital input and labour inprt to concepts
appropriate to the underdying theory of production. Asg a result of diserepancies beiwesn
these trends and vearsto-yvear variations in reletive utilization of capital and labour,
substantial errors of measurement have remained in the esulting index of total facror
productivity. Examination of any of the alternative indexes we have presented reveals
subatantial unexplained ¢yelical variation in total factor productivity. An item of highest
priority in future research is to incorporate more acoutate data on annuaj variations in
relative utilization. Hopefally, elimination of these remeaining errors will make it possible
to explain cyclical changes in total factor productivity along the same lines as our preseot
explanation, of secular changes, Cyclical changes are very substantial so that even our
secular measurements could be improved with better data. For example, the use of the
peciod 1945-58, a peak in total factor produetivily to a erongh, reveals a drop in total factor
prodix:tivity of nine per cent: the use of the pericd 1949-65, a trough to a peak, vields an
increase in total factor productivity of eleven and a half per cant.

In compiling data on labour imput we have relied wpon observed prices of differzot
types of labour services. Given a broader accounting framewerk it would be possible to
trest human capital in & manner that it symmetric with our measurement of physical
capital. Iavestment in human cepital conld be cumulated into stocks along the lines
supgastert by Scholtz [56]. The ow of investmant could ba treated as part of total outpunt.
The rate of return to chis investment could then be measured and compared with the wate
of retvirn to physical capital. Similarly, investment in scientific research and development
could be separated from expendituizs on current account and comulated into stocks.

1 Solow [39, p. 58-50].
2 Faor [orther discussion of this pﬂlnt,mhwnﬁﬂ.
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The raie of return to research activity could then bes computed, Inbothof these calculations
it wonld be impertant oot to rely on erroneously measured ‘remdunl g'm'wth m total output
for measurement of the social return to favestnent,© . -

It iz obvicus that further disaggregation of onr msa.surcments would be valuahélﬂ in
order to provide a more stringeat test of the basic hypothesis that growth in output may
he explained by growth in input. The most. important disaggregution of this typa is 1o
cstimate jevels of cutput and input by {ndividual industrics. The statistical raw material
for disaggregation. by indastry is already available for stocks of labonr and capital aind
levalz of omtpmt, However, data for relative ntilization of labour and capital and for
disaggregation of different types of labour and capital within industry groups would have
to be developed. Ohnce these data are availabls, it will be possible to estimate. rates of
retarn to capital for individual industries and to stody the effects of the distibuation of
productive factors among industries along the lines sugg&stad by Massell (42} The
fact that past observations do not reveal significant Ghanges in productivity docs not imply
that the exigting allocation of productive resotrges is efficiant relative to wllocations that
could be brought about by policy changes. In sich a study it might be useful to extend
the scope of productivity measurements to incfude the govermment sector, This would
hpnfﬂclﬂaﬁ}rdcnmblclfedmnuunalmvﬁnmm.whmhm largelypmdumdmthnt
sector, is to be incorporated into total output,

Finally, our resvlts suggsst & new point of departure for econometric studies of
production function at every level of aggregation. While somé existing studies [29, 30)
employ data on ontpad, labons, and capital corrected for errors of mezsurement along the
lines we have suggested, most estimates of production functions are based on substantial
errors of measwement, Economedric prodection functions are oot an alternative to our
methods for measuriag total factor productivity, but rather supplement these methods in
numbar of impoetant respects. Such production functions provide one means of testing
the assumptions of constant retarns to scale 20d equality between price ratios and marginal
rates of transfarmation that vmderfie our measuremeat. A complete test of the hypothesis
that growid'in total cutput may be explained by growth in total input requires the measine-
ment of fnpat within a unified social accounting framework, the measurement of rates of
retirn to both human and physical capital, forther disaggregation, and new sconcimethic
studies of production functions, A start hag been made on this task, but much mterestm,g
and potentially fruitful research remains to be done.

University of California, Berkeley . . W. JorcENOW
Univarstiy of Chicago ] Z. GRILICHES.

STATISTICAL APPENINX

1. Ag our initiz] estimate of output we employ gross private domestic prodact which .

is defined as gross national praduct less’ Erass product, general government, and gross

product, rest of the world, all in constant prices of 1958. These data are olsained from the:

U.5. national accounts. Ouwr second estimate of ouiput requ.'lm data on gross pnval.c
domiestiy investrpent and pross private domestic mnsumpuun, defined 4z gross private
domestic product less gross privete domestic investment, in both current and constant
prices of 1958, These data are alzo obtained from the U.5, national acconnts.

As our initial estimate of labour input we employ private domestic persons engaged,
defined as persons engaged for the national sconomy less persons engaged, general povern-
ment, and persons engaged, rest of the world. These data ara obtained from the TS,
national acconnts [48], Our initial estitmate of capital input is obtained by the perpetual
inventory mwethod based on double declining balance estimates of re=placement, For
structures and equipment the Hietmes of individual assets are based on the * Bulletin F
fives "' employed by Jaszi, Wasson and Grose [33]1 Data for gross private domestic
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investment prior to 1929 are unpublished estimates that underlie the capital stock estimates
of Jaszi, Wasson and Grose [33). For inventories and land, the 'fmitial values -of capital
stock in constant’ prices-of 1958 are derived from Golsmith (25]. The stock of land in
constant prices i assumed to be unchanged throughout the period we éonsider. Estimates
of the value of land in viicrent prices are obtained from Goldsmith [23].

" The estimates of gross private domestic investment are subsequently revised by intro-
ducing alternative daflators 1o those employed in the U.S. national accounts. These
deflators are given in Table 1T of the text: Gross private domestic consumption is feft
unchanged in this caleulation. Wa compute stocks of land, strdcfures, sesudential and
nen-residential, agnipanent, and inventories separately for each set of deflators.  The bagic

formala js:
Koy = L4(1-8K, o {14}

where 1, it the valee of gross privats domestic investment for each category in constant
prices. The initial (1925) value of capital stock in constant prices of 1958 and the deprecia-
tion rates are as follows:

Matonal acrounty
deflators Alwroative deflators
Kyaze i Kiyzs E
Land 254,700 ] 254,700 f
Structures '
Residential 183,23 r03is 162,708 00353
MNop-residential 163,205 53 426 | 00509
Equipment 4851 o135 51,701 o126
Inveninries : 48 504 4 LBk 0

2. In dropping the assumpiion that services arf. pmpi:-munal to stock for both labour
and capital, we require data on hours/man and hnurshnanhnc The datz on hours/man
are decived from Kr.ndnck 5 data on man-hﬂuls in the:TLE. private domestic ¢CoTIOmY,
extended through 1965,

< To estimate hwrs,l'mas:hme we fiest mum:ate the. relative utilization of elsetric motors
in manufacturing, Estimates have been given by Foss [24] for 1929, 1939 and 1954. We
bave updated these estimates to 1962, The basikc computation is given in Tabke X, The
1954 data and the basic method of computation ars taken from Foss Table I, p. 11].
The 1954 data differ from the figures given by Foss due to o revision of the 1954 horse.
power data by the Bureau of the Cengns and omission of the * fractional horsepower

" motors ™ adjustment.. The Litter, applied to both 1954 and 1962, would not have affected -
the estimated change in relative utilization. The horsepower data for 1962 dnd 1954 are
© from the 1963, Cenne of Mamfactires [73, " Power Equipment in Madufactuting Ia- -

dustries,” MC63(1)-6. Consumption of electric energy is taken from the 1962 Survey of
Manyfactives [IT], Chapter 6, The 1962 total (388-2) is reduced by the consmmption of
electric power for nuclear snesgy (51.5) as shown in-Series 581-93 of Bursau of the Census,
Continuation to 1962 of Historical Statistics of the .S, [9].

3. To esimate service prices for capital from the formuwda (11) given in the text
we require date on the tax strocture and on the rate of return. The variatde «, the rate of
direct taxation, is the ratio of corporate profits tax liability to total pet private property
jncome. Thege data are from the ULS. national acconnts, The variable v, the proporhnn
of return to capital allowable as a charge against income for tax purposes, is the ratio of
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private domestic net interest to the after tax rate of returz, r, multiplied by the current

value of capital stock, Private domestic net interést is net interest loss net interest for

the rest of the world sector. Thess data sre taken from the U.S. nationa! accounts, We
disengs sskimation of the after 1ax rate of return below. Thecurmntvaluaofmpta]smk'

is the sum of stack in land, strocturss, equipment, 2nd inventories.  Bach of the foiar
components is the product of the corresponding stock in congtant prices of 1958, muh:phad
by the investment deflator for the ¢component, Fmall].r the variable w, the proportion of
replacement allowabis for tax purposes, is the ratio of capital consumption allowances o
the current value of replacernt. Capital consumption allowances are taken from the
(1.8, national accounts. The current value of replacement is the sum of replacement in

TABEE X
Relotive wiilizarion of slsctric morers, momfaoturing, 1954 ond 1962

Unit ios4 1962
1. Horepower of clectric sotors, toal Thouzand 51,505 125,781
2. Axailablc Llowwit-hiours of motoss (e 1 = 7260 - Billjony of G UG
] kllvwatt-hours
3. Electric poser setully consinmed, all pomboses Eilhons of prbgl 3357
. kilowatt-hours
4. Fer cent power Tsed for sleitric matora 6dodi a7n
5. Poaer eoosupeed by motors e 2 x line £) Billions of 435 2ArD
killvwatt-hours
6. Per oot nilzation Elme ne 2 1000 216 24
7. Mumber of eqmvalent 30 weeks (line & 4-27100 50T (R
8. Index 1951 = 100 1000 111

The adjustment is darived ez follows: Itmmﬁ“htm&ﬂwﬁ:cmﬂmwuﬂm

cnntlm.rmalart houwt the e ATED L
hmmmhnl:]ﬁmn- mulnwutbmrs, Thnmulti[):]ﬂ?ﬁ

0% mm&ummmhawmaﬁnmy Fun[l‘!,
a?éom-ws,rnvnﬂm
mtpawermadfuralammmmmlnlgﬁzmmputaﬂusmgtbehm:swdmtnwmjn
1945 mmbyFou[M]mhh TFabde I, and the 1962 coasumption of totz] electric power by indostries from
the 1962 Surcey of Mt wvers [L1, o],
Line 7: ﬂmm4 forvy-Tour shifts 1o a foll week of 168 hours.

current prices for structures and equipment. Replacement in current prices is the product
of raplacement in constant prices of 1958 and the investment deflater for the carresponding
component. Replacement in constant prices is a by-prodact of the caleulation of capital
stock by formula (i4) given above. Replacement is simply 6K, where X, is capital stock
in constant prices. )

To estimate the rate of return we define the value of capital services for land, struc-
tyres, equipment and inventories as the product of the service price (11) and the cor-
responding stock in constant prices. Setting thiz equal to total income from property, we
solve for the rats of r2tun, Total income from proparty is gross private domestic prndm:t
in current prices less private domestic Jabour income. Private doimestic labovr income is
private domestic compensation of employess from the U.5. nationel accounts multiplied
by the mtio of private domestc persons engaged in production (o private domestic tull-
time syuivalent employees, bath from The Narional Income and Product Accounis of the
United Seates, 1929-1965 [49]. This amounts to assuming that self-employed individuals
have the same average labowr incoine as employees.

The final formula for the rate of return is then the ratio of {otal income from PIOpETLy
l=ss pmﬁts tax liability less the current valua of replacemant plus the cuerent valpe of
capital gain to the current vahue of capital stock. The current value of capital gain is the
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stem of capital gains for all 2ssets; the capital gain for each asset is the product of the rate
of growth of the corresponding investment deflator and the value of the asset in constant
prices of 1938, ' '

4, The basic sources of datz undertying Table VII of the text are summarized in
Tables XI-and XT1. Table XTI presents cstimates of the distribution of the male labour
force by school years completed for 1940, 1948, 1952, 1257, 1959, 1952 and 1964, Thess
data are taken from vericus issuss of the Speciol Labor Foree Raports [5] and Current

TABLE XI
Chellian iabour force, males 13 10 63 yeory old, by aducational atiainment
per oo disiritasion by years of soiodd completed

oy 1940 | 18 1952 1957 {1959 | 1959} | 1962t | 19651
102 159 L] ] 55 % &1 43

%6 or 5-7* 102 71 &h 6 114 14 167 *8 3
T8 or A* 17 9 151 21 148 156 15& 1%g 127
Schood 1-3 18-1 207 194 20r] 2T 19-8 92 185

166 %6 M6 Iz iy | 273 i | 323

Collega 1-3 59 71 3 is 92 94 urs 10r&
44 ord 4 &7 g3 5 10X 3 3 5
5+ L} L) L X} LR R} LR 47 5-0 5‘4

. TARLE XTI
Mean mmual earnings of maler, 23 yeary and oper by scheol years compieted,
relected vems

e 1939 1949 1956 1958 1959 1963
Elemeatary 04 669 1724 2127 2046 2938 2465
56 or 57 900 2068 2927 2829 4058 1409
7Hor§ 188 | 2603 om0 | 3732 3769 4723 4432
High Sciool 13 1379 3226 2450 4618 5379 5370
4 1661 T4 5430 5567 4132 G5RE
Colkeg: 1-3 1931 4423 533 6366 2401 7693
1+ or4 2607 6172 8400 2206 9255 %523
i+ ven - ree 11,135 10,487

Populs :Lmﬁl‘*mﬂ {.}LE{E:E !ﬁﬁ%?ﬁﬁl-&? 55 mlagf?mc&mg
ifom - on inks o ", - Coduan € compa
Pﬂmﬁ:ﬁuﬁp«mx[lﬂ],SeriesP-ﬁﬂ.Ha.-lS,Tabhlfz.min;midpommnfdassimal;mdmunufm
the crer 325,000 ohas,  The tota] slementary figtive i 1946 broken dovm on the basis of data

1940 Carrwr of Population [8]. The ™ Ik ken B " figure in 1949 zplit on tha besis of data given in
H. 8. Houthakker In 1936, 1958, 1959 amd 93, sphit om i bagds of dats oo
3584 Froen the 1950 Ln-a-1000 Cengr sample. 'We are indebted 1o 45, Hanoch for providing us with

this tabulation.
Earvings in 1937 and 155%; tots] income In 19452, 1058 and 1953
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FPopulation Reports [10], with some additional data from the 1940. 1950 and 1960 Census
of Population [B]umdtnh:akdnwnmmnlc]asmmtusub-chma We could have used
data from the 1950 and 1960 Censuses on educational attainment. The increase in the
mmberofhnkndﬂmtmmtnoﬂseﬁhedmaﬂammmpamhﬂtythaxwuuldhm
duaced: by the wse of different scurces of duta. Table II presents estimates of the mean
incomes of males (25 years and over) Tor these classes. These data. are Iargely taken from
Miller [45], supplemented by Censu: and Currert Popwlation Reports [10].data. Table V¥
&mmmmmammmmﬂuﬂmmnfmmMnﬂMMm

and the computation of an appropriate mdax of the change in the average aducation per
man.

REFERENCES
] ﬁbramuwtz, Mm Economic Growth in the United Statss ** , American Economic
Revigw, 52, No., 4 (September 1962), pp. 762-782.
[2] Absamovitz, Moses, Resource and Owtpnt Trends in the United States since 1870,
Occasional Paper 63, New York, National Bureaw of Economic Research, 1950,
[3] Arrow, K. J. * The Economic Implications of Learning by Doing “, Review of
_ Econcmic Studies, 2% (3) No. 80 (June 1962), 155173, .
[4] Buream of Labor Statistica, Conmomers® Price Index, Washington, U.S. Departiment
of Labor, various monthly issues.
[51 Bureau of Labor Statistics, Speciaf Labor Force Reports, U5, Goverament Printing
. Otfice, Washington, D.C.
{6] Burean of Labor Statistics, Wholssole Prices and Frice Indeves, Washingron, U.S.
_ Depmment of Lalmr vuriows momthly issmes.
[71 Bureau of the C:nsus. Censuz of Momfocrures, U, S Government Priuting Office,
Washington, D,.C.
[8] Bureau of the Census, Cemste of Populurian, U.S. Government Printing Office,
Washiogton, D.C.

{9} Purcan of the Census, Continnation fo 1962 of Historfcal Statistics of the U.S., |

U.5. Government Printing Office, Washington, D.C.

(10] Bureau of the Census, Current Poprdotion Rcporis, U.S. Govarnment Printing Offics, .

Washingion, I.C.

[11] Buxean of the Census, Survey of Momyfecinres, 1.8, Government Printing Office,
Washington., D.C.

[12] Dacy, D., “A Price and Froductivity Index for a Nenhomogeneous Product ™,
Journal of the Americon Stotistical Association, 59, Nrr, 306 (Fupe 1964), 469-480.

3 D;nmn E. F., ** Discussion " Amrkﬂn Eeomomle Review, 86, No. 2 (May 1966),
76-78.

[14] . Denison, E. F., “ Measurement of Labor Tnput: Seme Questions of Definition and
the Adequacy of Data ", in Conferénce on Research in Incoms and Wealth, Ourput,
Input, and Productivity Measirement, Studies in income and Wealth, Vol. 25,
Frinceton, Frinceton University Prass, 1961, pp. 347-372,

[45] Desison, B, F.. T« Sowrces of Economic Growth in the United Siaies and the Alters
-natives Before Us, Bupplementary Paper Na. 13, New York, Cﬂmm'ltta: for Econamic
Development, 1962,

[16] Diamond, P. A, "Techmcu] Change and the Maasumuent of Capital and Output ™,
Review of Ecanamrc Studies, 32 (43, No. 92 {October 19465), 289-298.

[L7] Divisia, F.. Econonsigus Rationneflz, Paris, Gaston Doin et C', 1928,
(18] Divisia, F., Ecpagde ddronomigue, Vol. I, Paris, Dunod, 1952,

[19] Divisia, F., “ L'indice monétaire et 1a théorie de 1a monraie *, Reoys d"fcqnomie
Pollvigue, 39* Annde, N® 4, 5, §; Jillet-Aofit, Septembre-Ocrobre, Movembre-
Détembre, 1925, pp. 842-861, 980-1008, 1121-1151.

SURVEY OF CURRENT BUSINESS

May IG6h

May 1872



Hay 1¥0

May 1972

[20)
[213

[22]
[23]
[24]
[25]
i26]
[27]

i23]
29
[30]

[31]
(32}
[33]

(34]

[35]
[36]

{371
(28)
2]
[40)
[41]

[42)

SURVEY OF CURRENT BUSINESS

THE EXPLANATION OF PRODUCTIVITY CHANGE 281

Thid,, 40" Annge, N° 1, Janvier-Février, pp. 49-81. .

Domar, E, Dy, *0On the Mezsuwrament of Tmhﬁnlogical Change ", Economifc
Journal, T1, Mo. 284 (Diecernbar 19513, 709729, _

Domar, E. D, “ Totat Productivity and the Quality of Capital ™, Journa! of Political
Eeonomiy, ™, No. & (Dedernber 1963), 586388,

Fabricant, 8., Basie Fucts on Productivity Change, Oceasional Paper 63, New York,
National Bereau of Economic Research, 1959.

Foss, M., * The WRilizstion of Capital Equipment , Swrcey of Currant Business,
43, No. § (June 1963), 8-16.

Goldsmith, R., A Srudy of Soving in the United States, Princeton, Princeton Univ-
ersity Press, 1955,

Gordon, . A, * Price Changes: Consumers’ and Capital Goods ™, Ameriean
Eronornic Review, 81, No. 5 (December 1961), 937-957.

Griliches, Z., * Comment ™, American Economic Rewview, 51, No. 2 (May 1241),
127-150. '

Griliches, Z., " Notes on the Measuremeant of Price and Quality Changes *, in
Conference on Research in Income and Wealth, Medels af ficome Deieyminarion,
Princeton, Princeton University Press, 1964, pp. 381-404,

Griliches, Z., * Production Functions in Maeufacturing: Some Preliminary
Resuits *, in Conference on Research in Income and Wealth, Preducrion Relations,
MNew York, Columbia University Press, forthcoming,

Griliches, Z., “ The Sources of Measured Productivity Growth: United States
Agriculture, 18d0-60 ", Journal of Political Econgmy, 71, No. 4 (Awgost 1963),
331-346,

Griliches, Z., and Jorgensan, D., ™ Sources of Measured Productivity Change:
Capital Input *, dmerican Economic Review, 86, No. 2 (May 1966), 5061,
Houthakker, H. 8., “ Education and Income *, Review of Ecomemics and Statistics,

. 41, No. 1 {February 1959), 24-28,

Jasgi, G., Wesson, R., and Grose, L., * Expansion of Business Fixed Capital in the
United States ™, Surcey of Currenz Business, 42 {Movember 1962), %-18.
Jorgmmn, .+ T Alternative Methods for Measuring Capital Input: Comment ™,
in Confercnce on Besearch in Income and Wealth, The Industrial Composition n_f
Jneomie and Product, Mew Yorl, Columbiz University Press, farthmmmg

Joxgenson, I, © The Embodiment Hypothesis™, Jowna! of Political Economy,
4, No. 1 (February 1968), 1-17.
Kendrick, J. W., “ Indastry Changes in MNon-Labor Costs*, in Conference on
Research in Income end Wealth, The Industriad Composition of Inecome and Product,
New York, Columbia University Press, fortheoming.

T -
Kendrick, J. W., Productinity Trends i the United States, Princeton, Princeton
University Press, 1961,
Kendrick, F. W., “ Some Theorsticz] Aspects of Capital Measurement ™, Americon
Economie Review, 51, No. 2 (May 1561}, 102-111.

Kuznets, 8., Capital In the American Economy, Princston, Princeton University
Press, 1962,

Levhari, D., * Extensions of Arrow’s * Learning by Daoing * ', Reeiew of Econcmic
Studies, 31 (21, Mo. 94 {April 1966), 117-132.

Levhari, D., “ Further Implicatione of Leacning by Doing *', Review of Ecoropric
Studier, 33 {1}, No. 93 (Janvary 1966}, 31-38.

Mansfield, E,, ™ Rates of Return from Indusicizl Research and Development *,
Anserican Econcmic Regiew, 5%, No. 2 (May 1965), 310-322.

SURVEY OF CURRENT BUSINESS

35



64

282
[43]

1#]
[45]
(46]

[471

[43]

[49]

(50

[512

[52)
(53]

[34)

[33)
[5¢]
[57]

[381

[39]
[601

[613

[62]

[63]

[64]

SURVEY OF CURRENT BUSINESS

BREVIEW OF ECONOMIC STUDIES
Maszell, B. F., “ A Disaggregated View of Technical Change”, Journal of Politicoel

Eranomy, €9, No. 6 (Decomber 1961), $47-357.

Meoyer, L., and Kub, E., The Ivestment Decision, Cam'bndge, Harvard University
Press, 1957,

Milier, H. P., * Annual and Lifetime Income in Relation to Edocation ', Ameriean
Eeonomnic Review, 80, Mo, 5 (December | 960), 962-986.

Mills, F. C., Produstivity and Econormtic Progress, Oceasional Paper 33 New York,
Morional Bureaw of Economic Research, 1952, '

Minasian, J., * The Econcmics of Research and Development ', in Universitios-
MNational Bursau Commitiee for Beonomic Ressarch, The Rate and Direction of
Jnventive Activity, Princeton, Princeton University Press, 1962, pp. 93-142,

Office of Bnsiness Economics, 1966 Capital Stock Study, Washingten, IM.C., T.5.
Department of Commerce, no date.

OMiice of Business Bconomics, The Nationg! Imam atid Product Accownis of the
United Staras, 19291955, 4 Supplerment to the Surmey of Crrrent Business, Washington,
D.C., 1.3, Pepartment of Commerce, 1966,

Oknn, A, M., * Potantial GNP: [ts Measurement and Significance ™, Procsadings
of the Business and Ecoromic Statistics Section of the American Statistieal Association,
1962, pp. 98-104.

Phelps, E. 5., and Phtl.pa, C., ¥ Factor-Prica-Frontier Estimation of a * Vintage *
Production Model of the Postwar U.S. Noafarm Business Sactor ™, Review of
Leonomics and Statistics, 48, No. 3 (August 1958), 251-265.

Richter, M. K., “ Invariance Axioms and Economic Indexes ™, Economerrica,
forthcoming.

Rabinson, J., “ The Production Function and the Theory of Capital ', Review af
Feororric Stedies, 21 (2), No. 55 (1933-1%5), 81-106.

Samuesson, P A., * Parzble and Realim in Capital Theory: The Surrogate
Producuon Function ¥, Revfew of Ecomomir Studies, 29' (3}, Ma. 80 (June 1962},
193-206.

Schimoolder, 1., ** The Changing Efficiency of the American Economy, [869-1938 »,
Review of Esonomics and Statistics, 34, No. 3 {Augnst 1952), 214-231,

Schulez, T. W., “ Education and Economic Growth 7, in N. B. Henry {ed.), Sociaf
Forces Influencing American Education, Chicago, University of Chicage Press, 1961,

Siegel, L. H., Conceprs and Measuwrement of Production and Productivity, U.8. Eur:a.u
of Labor Statistics, March 1952,

Siegel, I. H., “On the Design of Consistent Ouiput and Input Indexes for Pro-
ductivity Measurament ', in Conference on Research in Incoms and Wealth, Ourpur,
Inmy and Productivity AMeasurement, Stodies in Iacome apd Wealth, Vol 25,
Princeton, Princeten University Presgs, 1951, pp. 23-41.

Solow, B. M., Capital Theory and the Rare of Rerwrn, Chicago, Rand-3{ciNally, 1964,

Solow, R. M., * Tavesement and Technical Progrcss * in K. I. Arrow, §. Karlin 2nd
P. Suppes (eds.), Mathematical Methods in the Sacial Sciences, I959, Stanford,
Stanford University Press, 1960, pp. 89-1(4.

Solow, R. M., “ Techrical Change and the Aggregate Production F‘lmntmn "
Review af Ecurwmm.r and Staréstics, 39, No. 3 {Angmist 1957}, 312-320.

Solow, B. M., * Techrical Progress, Capatal Formpation, and Economic Growth »,
American Economic Review, 52X, Nao. 3 (May 1962), 76-86.

Terborgh, G., Sixty Years of Business Capitel Formation, Washington, Machinery
and Aliied Products Instituce, 1960,

Wold, H., Demand Anaivsis, New York, Wilzy and Sons, 1953,

SURVEY OF CURRENT BUSINESS

Mag 1569



By EDWARD F. DENISDN

Some Major Issues in P’roduct-ivity Analysis:
An Examination of Estimates by Jorgenson and Griliches

The Office of Buginess Eeonomisy hig Been apked by several of the prinsipal nsers of
i data to supplement ita esiablished serlee on matlonsl outpt and itz eomposition
{GNP) by consistent measures of factor inputa, 8o as fo'facilitate the anaiyeia of ceonpmic
growth. The OBE iz respansive to thege requests and conatders the preparation of meastiveeg
of fantor inputa an aprropriste extension of its work on the natonal acopomic Kecounts,
The estimates of business capital stocks and some other studies that have been published
in the SvnvEY OF COREENT BURINEY are Dmportant stepe leading to the praparation of
fartor input messures.

The moncepiosl snd sfstisticel problems that are invelved in the sossurement of
factor inputa ara unvsusly dificult, however, and OEE balieves that some discusstion of
these problegs Is called for hwfere i engages itxelf to propere the measures. To ellcit such
a diseusaion & a mejoer purpees of publishing thiz artde.

In this study, Edwerd F. Denison, one of the outstanding experta in the snalyais of

econpmic growth, provides a ssqrching comparisen of the soncepts and statisfical pro- -

codures thet he considare apprapriste for joput messtrement with those recently proposed
by th: sminent eronomeiriciane, Daie W. Forgenson and Svi Griliches. The Jorgemaon-
Griliches proposalks differ sharply from thesa aet forth by Denfson, end alac by many others
who have done reseprsh fn vhin fiekd. For the sonvenience of tho reader, the Beoiew of
Feonemdc iudies article in which the Jorgenson-Criliches proposals appeered is reprinted—
with some correstiona by the suthore—In thiz insue of the STRVvEY.

Thess difarotices in concapls and procedures yiald sirikingly different concluaions.
Acending to Denison, 8 subatential part of the postwar growth of nebtional output has
been due to an Inereaze in productivity; aceording to Jorgsoson-Giriliches almest all of
the Imereass haz beon dus to an inovesse iz foctor inpuots.

The fgsixes maised by thes: opposing conclusions are not only impertant from the stand-
pofat of basic ressaroh but are alap Hkely to have far-resshing implications For the formauis-
tioh of private and public polices diracted at the premction of etonomic growth. Wa
believe that the publieation of the Denison sriisds and of o reply to it by Jorgenson
and Grilichea in & later tssue of the SurvET will be of substantial intarest to all those
conderned with eeonomio growth.

IN 8 recent article, “The Explanation
of Preductivity Change,' Professors
Dale W. Jorgenson and Zvi Griliches
found chat increases in labor and capital
mput were responsible for almost all
rosdwer growth in the United States
{1]. They comcluded that output per
unit of imput conteibuted little to the

growih rate of cutput—only 0.10 per-

centage points, {0 be exaci. This
stimate contrasts with mucsh larger
smounts obteinad 1n virtually all other

¥oxs~Tw, Danboo b Spnbar Fallwer, The Brookings
Tioklbutivn, Washington, D.C. T'hé Tiex sapretsad I chin
artichs are Fivode of the suthar and donst poeport 60 psprateml
Ty vigwa of U otley SHMT mwmbes, oflcern, r brustees of
P Frooktingt Inotftatlan.
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studies. I amrived at 1.37 percentage
points in Why Growth Rates IDhjfer:
Postwar Erperience in Nine Western
Tountrics (written with the essistance
of Jean-Pisrre Poullier) [2].

This review is a response to repeated
requests to comment upon the article
by Jorgenson snd Griliches.! Do their

1. Tts preparailon wsd khe mesdlon of ether sxbendsd
coToEio et ot aTasnE 8, In the sotrse of which Prodettims
Terpounon aod Grilktes el bed aarkaio of thelr procodcoros,
provided soms unpublbhed dats ogeded T epmparison of
onr estlmaten, amd oflimwt b ggestiame o presemtatles Thiby
pltnncs halped me (o Balaks the diferancee Lotween our
protwdors snd Petss M7 dbseasgion on them diferooca. It
in askmpvdndped with gratitodo.

I alsn benolted groatly frem. decwiadons of o dmit of thie
rewfow with George Tasl, sid of eqr [in Soctoes with D ormr
F. Yo Gur¥,. O, Stovens, and Allsn B Young.
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ectimates differ so mush from mmine
becauss of differences in the time period
snolyzed, in the definition of output,
or in the zector of the econemy soverad?
Troes the discrepancy refloct & mere
difference in classifying growth sources
inte those regsrded ns incressing
input snd thosa regarded as raising

_output per wnit of input? Or is it due

to differences in stotistical procedures?
What are the diffarences in our pro-
pedures, what are their guantitative
offeets, and whose, in my opinion, ste
prefarabla? In this article, all of thesa
guestions nre discussed.

To decomposa the discrepancy in
results, it iz necessory to examine many
aspects of the eatimates. Section I of
this raview measures the effects of
differences in time period, definifion of
output, and scope of the econony
analyzed, and section JI examines a
rinor difference in procedure. After
allowance for these differences, most of
the large discrepancy hetween our
measyres of output per unit of inpus
remains. Ounr statistical measures of
total gutput diverpe hecause different
price indexes are used for deflation; the
effect 1s examined in sacton V1. Differ-
an¢es between our total input series for
the secior of the economy snalyzed by
Jorgenson and Griliches are much
largar. The input series differ becausa
of {a) differepces in the weighta we nse
to combine individusl inputs and (b)
differences in the way we measure each
individual input. In sections Il and
IV, I consider the change that would
be introduced in my saries, given my
indiridual input measures, if the
Jorgenson-Ciriliches waights were used.
In sections ¥V, VII, and VIII, T mensura
the effects upon their series, piven their
walghts, of using their measure for
ench input in ploce of mine. The two
preceding sentences must be gualified

1
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by noting, ss I shall at the appropriate
points, that lack of data necessitated
some departures from this plan. In
section IX, I provide s table that
summanges the results of the praceding
sections and thus reconciles our output
per unit of input series.

An equally imporiant purpose of
this article is to examine the merits of
alternative procedures. Io most sec-
tions I therefore discuss differences in
proceditre {hat heppen not 4o be im-
portant sources of diserepancy in our
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saries during the particular time period -

discussed as well as those that are, and
in sections IX and X offer some genersl
observations.

The section of most general interest
may well be section VLI, in which I
examine the Jorgenson-Griliches capitel
ulilizetion adjustment. I try there to
nudge the theory of growth analysis
forward a litfle. In addition, their
copital utilization adjustment is the
largest single resson that our output
per unit sertes diverge.

L. Time Period, Definition of Ontput, and Scope of Economy Cevered

THE Jorgenson-Griliches summary re-
ault, ihal output per omit of input
contributed only 0.10 pereentage pointz
to 8 3.58 percent & year inmcrease in
output, refers to the 1945-65 period.
Use of 1945 as a starting point mini~
mizes their figure. From 1948 to 19648
Jorgenson and Griliches obtain & growth
rate of output per unié of input of
0.74.7 Almost all of this incresse came
before 1850 and after 1961; the growth
raie of their output per unit of input
peries was 001 from 1950 to 1961
and 2,01 from 1961 to 1965 [caloulaied
irom 1, table VIII|. Cyclical move-
ments contribute to ihe difference
between Shese pericds, but even so the
[ contrast is remurkable.

My summary estimate, that the !

incresse m output per unit of inpui
contributed 1.37 points to the growih
rate, refers to the peviod from 1950 to

1662, For thia timespan, Jorgenson

snd Qriliches obtain 0.30, as sgainst
0.10 for 1945-865. Thus, 1he difference
in time period is responsible for 0.20
points of the difference between our

estimates. Dur astivaates for

195062 pnd two subperiods are com-

3+ Nutiooal aoh0onibn wodkd pab doet Hfafi e abodd
postwar growth frands irvm an amalyaly begioning batars
1945, at the sbrkisst, hecanss sbminstlon of prics conirals
distoried the retd ondput maasre o 1548, and becanmm—
In tha caps of 10U6—of the great dfireooe oo liter seiid
In the sompealthon of otfpdt, In wddithon, speclsl wipanks
o postwar reconveebon greskly aftectad the I9A5-45 panicd
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trasted in the first two rows of the
following teble. The third row [from
2, tahle 21-1] shows my esgtimates
after adjustment to eliminate, as best
1 zonld, the offests of differences
among terminal years m ithe inlensity
of demand {ie., shori-team chenges in
intensity of utilizetion of employed
EESOUTCRS).

—— ——-
HfO-R | LOS0-b0 | 136G
Tradiasted:
Jorg oD Ariicied... 0 L2 -5
.................. L& LA N
Adfurted:
Diabon. 11 LM Ll

The Jorgenzon-Griliches zeries refers
:t0 real gross national product per unit
-of input in the priveie domealic
- economy; mine, o real netional incomse
(also called nev netione! product valued
at factor cost) per unit of input in the
aconeny 8 & whole.

The reason I chose o snalyze the
growth of nat rather than gross product
is both fundsmental and conventional.

"Tneofar as a large output is & proper

goal of =ociety and objective of

policy, it is net product thet measures
the degres of success in achieving
this goal. CGross preduct is larger by
tha valze of capital consumption.

There iz no more reasen to wish to-

maximize capital eonsumption-—the
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Alay Opan

quantity of capital gooda used up in
production—then $here iz to mexi.
mize the quantity of any other
intermediste product used up in
production, such as, sey, ihe meial
used in making television sets, It is
the television sets, not the metal or
machins tools used up in produstion,
that iz the ohjestive of the production

process’” [2, pp. 14-15].

Jorgenson snd Griliches confine dis-
pussion of their choice of gross product
to a pingle sentence. “Exclusion of
depreciaiion on ecapital introduces an
antirgly arbitrary distmetion batwaen
labour input and capital input, sines
the scrresponding exelusion of depreci-
tion of the stook of labour servicas is
not cartied out” [1, p. 256]. (They
also dle an article by Domar, but it
contains no vefevrence to depreciation
of fabor) Their statament ia ton brief
to allow much diseussion, particularly
gince Jorgenson and Criliches de net
specify how they would depreciaie
labar. I am not aware of a definable
labor counterpart to capital deprecise
tion as & component of (GNP that there
is no advantage in incressing hecause
it s not wanted—feeding, clothing,
and housing children surely do not
fall into this category—but if there be
‘auch, the appropriate remedy would

Jha to change the measures of oubtput
ail labor eprnings.

I do not wish to pursue this subject
further in this article, but must provide
a statistical reconciliafion of cur esti-
mates. This is facilitated by the fact
thet, sheerly by chance, conversion of
my estimate of cutput per unit of inpu?
in the 195002 peried to their concepts
wonld scarcely change it because the
difference in definition of output hap-
pens to be offset by the difference in
she seope of the aconomy coverad. The
explanstion is as follown:

{a) My ocutput eeries refers (o na-
tional incoms, or net national product
(NNP) valued at factor cost, measursd
in 1958 prines. The Jorgenson-Griliches
output series refers to gross national
preduct valued at market prices, meas-
ured in 1958 prices. The choics betwen
factor cost and maricet price weighis to
combine the components of product
does not affect comparability of our
results, but that between pross and net
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product-'ﬂm. The sheofute increase in
the walue of gross prodnet st 1858
fastor cost i= aqual to the Incresse in
net produet at 1958 factor eost plua the
inereasa in depreciation valued in 1958
prices. Esch year, the change in outpuit
per it of imput (and every other
growth source except depreciable cape
ital) contributes the same absolute
smount to the incrense in real GNF at
factor cost a4 to real NP at factor
gosb, (Depreciable capital contributes
to the incrense in veal GNP an amount
equal o its contribution to the merease
in real NNP plus the absolute increass
in depreciaticn st constsnt prices.) But
the same ahaolite smeunt coniributed
by cutput per unit of input yields a
gmaller parcantage incresse in GNP at
factor cost then in NNFP becanse the
value of GNP iz bigger then that of
NNP—in 1950 by 11.6 percent, ac-
cording to my estimates. Henes, output
per unit of input comtributed less to
tha growth ratie of GNF when measured
in perrentage points. For 195062, my
estimates yield a contribution of sutput
per unii; of input to the growth rate of
GNF of 1.24 percenlage pointa as
against 1.37 to the growth rate of
NNF2

(&) My output estimates refer to the
econamy as & whole; the Jorgenszon-
Qriliches sstimates, to the privats
domestic economy. Thus, the latter
exclude the net inflow of properiy in-
corme from abroad and GNP originating
in gemersl government. However, my
estimates imply 5o incresse in cutput
per unit of input in the sectors they
exclude. The ehsolute comtribution of
the incresse in owtput per unit of input
to the increase in output is therefars
the sare in the sector coversd by the
Jorgenson-Griliches estimates as in the
whole eronomy. Because the level of
Fivote domestic GNP was smaller than
that of tose]l GNP, the contribution of

2 For comgstency with OECD otinety, @y GNP
Etired dnitwde & Fmall aoeoonk o0 EEeRiEsat GRpIal oot
FUnptEn. This conus o sgin wheg [ movs 1o the privats
ety toanomy in kdluetzsynt (b,

4 Ths sgbre incrsans In mok progacky uoors Enymn shrosd
1coustad w4 contribartiem of tapital, Beal GIVF i genemnl
POTirnment 3 meddared on the amnmptlon that omipad pér
DN amploywd dows oot chaogs (thls ateiement 1§ ondy
SITTximadely seetiekle], and for this rewson I ossd pro-
Sidres Kl batvey L offwek of snedduring Iopods in gmers]
avvarimet by smploymeent (3, pp. T-LM] Heocr, ne
shanza in guipat per nalt of inpyk soenes Ly pemersl gorerm-
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output per unit of input to its growth
ruta ig proportionately larper; it is 1.38.%

Thiz is practicelly tha same ss my
original fipurs of 1.37; adjustients (n)
and (b} are almost exantly offsetting.?

3

Thus, diffarences in dafinition and seope
of ouiput together sccount far none of
ths differanca between our 195062
estimates of the contribution of output
per unit of input.’

IL. Divisia Indexes

JORGENSON and Grliches devote
considersbie attention in their article to
their usa of Divisia indexes (which are
averazes of growth rofes, with fraquent
changes in weights) in their messure-
ment of input and output. I shall not
discuss the alleged theoretical superior-
ity of Divisia mdexes, but simply note
that their substitution has no effect
upon the comparisons. When Jorgenson
snd Griliches introduce them in moving
from their table I to table IT, the move-

ment from 18950 to 1982 of their zeries
for output, input, and factor produc-
tivity is almost unaffecied. Indeed, in-
troduction of Divisia indexes hes no
appraciahle effect at other dates sxeept
ot the wery beginning of their period,
whens price and ountput patterns were
distorted. Moreover, my own proce-
dures for combining inputs are sub-
stantially aquivalent o ¢he use of
Divigia indexes.

Il The Input Weighis: Total Labor vs. Total Capital and Land

TO calenlate chenges in total input,
weights to combine the variens types
of input mre required. Our weighis,
though different, shara twe character-
iztics that distinguish them from thosze
of some other investigators. First, we
each set the sum of cur inpui weights
equal to 100 percent (or 1}, Thia has
the effecl of clusafving zains from
economiss of soale as & contribution of
owtput per unit of input to she growth

of output.’ Second, we each use tha-

shares of lsbor, and of capital and land,
in total samings from production as
weizhts to combine these broad types
of input, snd rely upon data from the
nstional acoounts to estimate these
shares.!

Cur actual weighis dilffer as & result
of differences in the scope and defini-

8. Ad indbondsd b speklsp TV, vy sabimaces Ingply bhak the
oty bitinn ta the growth rate of e produet st Buboc ot
in the priscle Aomenfc becbor wid 1.51.

4. Thi tmplied, of tocrds, that e [Bvals oF el nntiovml
ooty wnd priveis Jopmgtk QNF {both massared in K58
priam al Fetor coat} happensd 0 e abmodt the gume 2t the
atart o the parlod 1451,
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tion of sur output messures and of
differemces in our eatimating procedures.
The latter contribmts to the dissrep-
ancy hetween cur resulta for growth of
GNFP per unit of input. During the
postwar perinds analyzed, capital-land
input increased more than izbar input
30 that the preater the weight attachad
to capital-land, the more a measure of

T Io metparing the sffests of diffoesncey Babwesn ua in
COMDA DS, seop, oF proped nreg Ior Chinrerlew, [oftan shortent
tha salmiintloiy by nslng awerags welghty o oabel for bl
parlyd sxemined svon Lrough we ootk sabadlvid the periods
i var ealonkatima The Pebolls acs socnrats enongh or the
PUTP03s ut hand.

8, Thrbugheut thi= revisw, Iigoom 8 of b quantliative
importanss (ba [t bhik, b pressting the esntritakene af
tha souress Lo the prowih rele, [ allvsabed to outpal par olk
ol ingak 001 perren tagn 2 obnta-of sn inkeraciion toom., Jargan-
o 3nd Crillohes oo reok frasant contr(bathos o fich and
Totckos ot Hhils teran, OE Wikl ghslrestimabie nothlog woold
Ton Alkpaaked b proded ey in any oase, I alse oo roood-
ing dlscrannynades thut saum thelr growth Tate of satput Lo
gaxitor (he sum af the grovwth mtes of lipot ond wabpuk per
nnet of Iptt 6t obertediie Doinm o thedy Analysls by
anall smanis Tatying Op to 0.8 (83 preanted in their
e TX],

. MY teasns 9 using Inoome dhares e staved o 3,
chapberd.
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total inputincreasea and the less output
per unit of inpué increases.

DMfferences veloted to scope and
definition

The weighis used in my study refer
to the shaves of labor and capitel-land
in total nationsl income. I measure
lahor earnings as the sum of (1} the
compensation of emplovees and (2)
8 portion (about three-fifths) of pro-
prictors’ income; this portion ie derived
on the assumption that the labor share
of national income originating in pro-
prietorships and partnerships is the
same 828 the Inbor shere of national
income originating in nonfinancial cor-
porations [2, p. 37]. My estimate of
the total earninga of cnpit.al and land
is egqual to the sum of the following
items ; the remainder (about two-Rfthe)
of proprietors’ nef income; corporate
profits  (hefore tax) and inventory
valugtion adjustment; the rental in-
come of persons; and net infersat.
The labor share plus the cepital-land
share equals national income., (What-
aver is not ¢arnad by labor is counted
a3 earnings of capital and land despite
the fact that “pure” profi—whether
a retnm to enfirepreneurship or monop-
oly profit—is included.)*® Dieprecistion
is revalued ai replacement cost in the
computation of corporate and non-
corporate earmings snd rental income,
-and of tote} nationsl income On the
avarage in the 1950-62 period, labor
eaTnings represented 78.6 percent and
capital and land esrnings 21.4 percent
of totsl national income.” These per-
centages are shown in Hna 1 of the
following teble. The remainder of the
table will help the reader follow tha
reat of this discuesion.

The dJorgenson-Griliches apalysis is
confined to the privete domestic sector.
My zesults imply that labor earnings
averaged 74.7 percent and capital and
land enrnings 25.3 percent of national

1k Sinpe FOrpanos ond Qiikihes A0 the S, ks dok
oot css Tor asdHmwatar o divangs

1. The clmaten are based on e of Bollwin F lives god
Strulghl-ling deprecistion. They werd propnrsd Dakors K
Tesal of the Intst DBE anglbl gtock sbudy G dewcs-
danklal rrottoren apdd squipegent becan avaliable.

L& T 0o reot wetiially oo weiphis for the pariod s a whiole
in monlathons, vty do Forgeneon aod Gritiches T ok walgh
for thre sabperiods, oud ey change weghis sanoally.
Tha Lrotadel rovids a conTethnt smmary.
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LADOT | Fropamty
ohate | ohate
Tunliok Inbor SHETnaTes:
1. Whele sooumy, nakbonal b ) 214
2, Frivikte SOMUm StoRoIy, L
[ g T LT o5 F
GNP ob fnebor ook, ..o...u.sss .2 AL
Forgansore (rdefies Jaiwr epthmates:
4, ECTHHYILY
ONFathctreost____ .. |  TLE .2
(N af markel prces_ .. | L8] k. B

income in this sector. Jorgeneon and
Griliches analyze the growth of gross
rather than net swtput; thie obviously
calls for a difference in procedure some-
where in the ¢aleulations. One acoapt-
able posgibility is to include deprecia-
tion with the earnings of capital and
land in the derivetion of weights, and
this is what Jorgensun and CGriliches
do.!* If depreciation iz added to mna-
tionsl income snd to the capital-land
share, and the percentapes are recom-
puted, my estimates indicate that labor
earnings aversged B67.2 percent of
grosz domestic product at facter cost
in 195082 and thai eapitallsnd aarn-
ings topether with depreciation
averaged 32.8 parcent. (These figures
are ynaffected by the metbod of mese-
uring deprecistion.} Thesa shares,
shown in kine 3 of the table, differ
from those in line 1 for scneeptusl
reasons. Their use by Jorgenson and
Griliches to analyze gross private prod-
vet would bave introduced little or no
diserepency between their estimate of
output per upit of input and thetb
which T derived in section I after
allowance for differemces in the defini-
tion and seope of our cutpué messures.

due Hm,
Diﬂ‘mnmm te  estimoting

The Jorgenson-~Griliches waights dif-
fer from these for two renszonz. First,
slthough their estimeate of labor earn-
inps, like mine, equals ecompensation
of employees plus o portion of pro-
pristors’ incorae, they obtain the latter
by a different procedure. Thay assuma

11 Thl proeedurs b ook macsdrily alisttly eqolvalint
to thet which I used dnsookbon T abore o sl my ot ster
B0 & Grosd Produ0k bagia, Tab any AUTEINGS In ke gid reaull
For ¢nitpul per ondg of iopot 1y probapdy irkvial
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that lahor earnings of propriators are
egqusl to the mumber of propriators
{exclusiva of uopgid family wurkem]
times mmpm-aﬂ-:}n per fulltime aquiv.
alent employee in the private domestis
ecopomy [1, p. 378 This procedurs
allocates approximaiely all of pro- ¢
pristors’ income to labor .and none &g
capital - and land. The labor shars
cbiamed by this prosedure averages
70.8 percent, and the capitel-land
shrare 20.2 percent, of private domestic
GNT at factor cost mstead of 67.2 and
32.8, the percentages at which I amrive.
My eallocation of proprietors’ income
seems to me the more ressonable |
but admittedly both procedures have |
subatantial precedent- In the nebure
of the oase, there iz no way to check
the resulis directiy. Their use of 5 !
ln.rgar astimata of labor sarnings would, |
in itself, lead Jorgenson and Gnhches |
ta & kigher esimate of the contribution
of output per unit of input to growth
than I ¢btain. Howaver, it is mush
more than offset by what I regard as
ah srror in their darivation of capital-
fand earnings.

Jorgenson and Giriliches state in their
statisties] appendiz [1, p. 2781 that
“total income from property is gross
private domestic produet in eurrent
prices less private domestic labour in-
coma.” Gross private domestic praduct
was valued ai market prices in their
calenlation. Thiz mesns that Jorgenson
and Griliches count indirect business
tax ligbility minus “subsidies less cur-
rent snrplus of governmant enterprisgs’
and plus business transfer payments
and the “stetisticsl discrepancy” in the
nationsl accounts as earningz of capital
and lend. Jorgenson and Griliches in-
form me that this inclusion was inten-
tional, not sn oversight. Inclusion of
these itams in the earnings of capital
and land raises their capital-land share
from 20.2 percent to 36.2 perceat, or
by slmost one-fourth, and lowess their
labor share from 70.3 to 63.8.M {These
shares, shown in row & of the preceding
text table, were cornputed from annus!

14, L6 Alace Beet tbw o0t of naluding indimek e, wod cha
oliiarrespnatibntisn o rn mautlened, in piofinafer e in the
numorator of tha “lmpllct mete of weam after taoes™ thak
Jotgandon wod Orlllebes show in kalils VI, column 4, of Bl
wriia, Thoir ackleds glvea i At of this pecative definition of
B AT LA KRG U PRt T olould Uik many rosdors of thalr
articls can be awara o It '
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fignres given me by Jorgenson and
‘Griliches.) :

tatively, is indirect business tax
linbility. Jorgenson and Griliches do
pot explain - why they include indivest
buziness taxes in their weighta or
why, if they are to be included, there
is more reason to add them to capitals
land esrnings than {0 labor emrnings,
Possible ressons for their procedures
are hard to visnalize, and I can only
speculate sz o what they may have
had in mind, '

The fact that Forgenson and Griliches
are analyzing the growih of gross
prodict valued at market prices (which,
viswed from the “‘Income side,” includes
indirect taxes}, rather than pross prod-
uct valued ab factor cost, surely neces-
sitates no difference in weights. Share
waights are used as estimates of the
relative responze (elesticity) of output
to cheoges in lshor input and to
capiteldand inpud; for exampls, use
of weighis of B0 percent for capital
sod land and 7O pereent for labor
to enalyze gross product growth waould
imply that o given percentage incresse
In every type of cepital-land imput
raizes gross product by three-sevenths
1% large a percentage as does the same
percantegs increase in every typs of
labor input. There is no syetematio
reason for the percentege response of
groes product valied at market prices
to differ from the peresmtage response
of gross product st fastor cost.ls

Poraibly Jorgemson end Griliches
meen to chellenge the slasmification of
indireot tazes as indireet. The income
division thet is appropriate for use se
weights is the distribution of earnings
that would prevail in the absenece of
taxes, faking as given the existing
quantitiee of each mput in the sector
end period anslyzed. To approximpte
this distribution, snalyeis iz required of
what it oftan called “shortrun™ tax
incidenca (to distinguish it from analysie

15. The morement over Ume of grost peodoch ok 168
MATERL prived diffar? (Mo thet of proey prodoot af 1068
fttor shat ondy If the compeatibon of oubpot shifts toward
o domy Do prododks Hast ware texed (or pibaldiced) at
Soowe OF helow-preraps Tl in 1985 Any diffemcs in
eramenk Ln oot relided 10 share wetghbs Iy the seooomy
& 5 whola (Ja 2, pp. 19-16, I scpgeat thes it in the outpas
IHure wives prowth B analyosd, tha commpoments of
walpmg aee woighted by Micket priced, soch ahifta shoold

b trgated 8o & stalivttol Ysotes’ of griwth.)
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The principal itam at issue, quanti-
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of invidence when any mmpact of taxes
ot the quantities of factors is talren
into assount), My use of the olassifics-
tion of taxes followed in the national
sccounts thus implies the following
assumptions. First, that parsonal in-
some and inheritance taxes (and various
Heenszes, minor taxes, and nontax recipts
of governments that are classified as
personal) do not alter the distribudion
of earnings befora taxes; hence, they
nead not be dedueted from hefore-tax
ghares to achieve the desired distribn-
tion. Second, that the “shortrun’
incidence of payroll tuxez iz on labor
earnings: hence, labor sarnings should
be measnrad inclugive of payroll taxes.
Third, that the “shoréron” ineidence of
corporate profit tax acceruels is on
corpurate profits; hence, corporate
profits should be measured inclusive of
corporate profits taxes. Fourth, that
the incidence of tazes classified as
indireet is on no particular type of
ineome and their presence does not altar
relative shares measured exclusive of
such taxes, Taxes classified as indirecs,
ond the average percentage of total
“indirect business tax sand nontax
accruale” represented by each type In
1850-62, are: sales and excise taxes and
gustoms dubies, 5% percent; property
taxes, 33 percent; business motor

vehicle licenses, 2 percent; other
business taxes, T percent; business non-
toxes, 3 percent.

No one supposes this cassification
of taxes to be precisa. For example, I
have myself suggested that at least
the portion of the corporate incormse
tax that is levied on reguleted utilities
probably is passed om in higher prices,
causing my osapitalland share to be
overatated relative to labor. Bud, with
some #llowance for offsets, I have re-
garded the naticnal sscounts classifi-
cntion a8 acoeplable.

I Jorgenzon and Griliches count
indireot taxes as earnings of capital
and land bacsuse of incidence consid-
eretions, this implies that they eccept
the first three assumptions tisted above
and reject the fourth in faver of un
asnmption thet the shortrun incidence
of indirest taxes rests on capitsl snd
jand.

For one tax olassified as indirect,
that on real property, this assumption

SURVEY OF CURRENT BURINESS
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may be preferabls. ® Indeed, in the
context of considering the effect of
taxes on the allocation of resouroes
among sectors of the economy, I have
myself seggested that one showld nmot
consider the impact of the corporate
incorne tax, which bears only on the
corporate sector, without simltane-
ously considering the property tax,
which bears most heavily on the prin-
aipal nonearporate sectora of the private
aconomy: housing and farming [3,
pp. 186-187]. It is plausible to argue
that neither tax is shifted in the short
ron. But I see no possible resson to
suppoze that the short-term incidence
of the other componenis of indirect
tax and nonéax liability rests on capital
and land. 'These represent the bulk of
the category, so I regard addition of
indirect texes Lo capiiel-land earmings
a3 mainly an error. V'

Although counting the differanca
between factor-cost and markat prices
as property income raises the Jorgen-
son-(iriliches capitel-land share of pri-
vete domestic GNP by 7.0 percentage
points in 1950-62, their actual weight
sverages only 3.4 percentegs poines
higher than the weight implisd by my
estimates (with depreciation added}
because of their smaller atlocation of
proprietors’ income to property income.

My own estimate of culput per
upit of input iz only moderately
sansaitive to dilferences in weights of
this maguitude. If I were to substituie
their weights for mine, mny estimaie of
the coninmbution of output per umit
of inpnt would be lowersd by about
0.08 percentage points.l® I shall use
this rumber to measura the difference
inv gur results that is due to differences
in our divisien of the weights between
labor and capitaldand as a whola.
Howaver, it should ba noted that the
Jorgensen-Qrilishes estitnates ara much
more sensitive than mine to differences
in weights bacause they estimate the

. Ewsn if this is a0, it 8 an open qussthon whakbier wid-
dition of proparty thxed tr eapial-lamd earnings Waukl, o
balates, nprmtts (e waighty o wiey of Ew probablo oear
staternant of (he capbtal-dand wedgbit o bath ouc ceklomues
thek resmitr Irom. coontlng “'pore prodc' and sl of the toz-
poTais income tax Tn Shim shim.

17. Taxlusion of trther, mmalbse seoonlistion tems babwaan
T F at marked prices and GHE oF fvetor ootk n progecty
ivtome termos beoskle for ooly <me bt Sboa ko ponent-
wrpersts condriathond to Bop-poafl arganizationa.
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differemtisl betwesn the increase in
capitel-land . input anpd labor input
to have besn far larger than I do.

Substieution of my weights for theirs.

would raise their estimate of output

SURVEY OF CURRENT BUSINESS

per unit of input much mora than

0.0%. In the reconciliation I stiempt,
this exira amonnt will. be reflacted in
tha difference I identify with differences
in our meazures of changes in inputs.

I¥. Allocation of the Total Capital-Land Weight Among Compenents

THE procedures that Jorgenson and
Griliches and I adopt to estimate the
contribution of capital and land to
growth are similsr &b the most general
laval.

The total weight of sapital and land
is firat divided ameng types of capital
and lgnd in proportion te the estimated
eernings of each type. In my estimates
five types are diztingnished. Ouns of
these, international assets, does not
appear in the portion of tha economy
snslyzed by Jorgenson and Griliches.
The others are: residential structures
and rosidential land, bponresidential
structures and equipment, nonresiden-
tial }apd, end inventories. Jorgenson
and Crilichez wee a different clossifics-
fion. They distinguish among regidentisl
struetures, nonresidential atyuetures,
equipment, residemtisl and nopresi-
dential land, and inventories.

Once the weiphts are sssigned, each
component of capital-land is treated as
a separate inpat. An index messuring
the quantity of each input musi he
developed. The weight is then multi-
plied by the growth rate of the index
to arrive ot the confribution of each
component to growth.™ {In my case

1B, BubtltnHon of their bigher estlmabey of the labor
von bt of propeb ko’ Income for mine, aod sdditGon of all
the eeguelistian ltoms betwean GNP &t fRttor coot eod
ONF st merksd prices v oy aMlomebis af caplinkland
ournisigy, would Jower 1y Tebeor sl of bl oo klas ] I
7 10 from TA0 to T, By ny procadures, the Jilfarence
ol {5 paoestibege peolots would be affecatsd among non-
recfantil aryctured and sqoipooant, cooesldancled fand,
Al inventariss in prapaction to Cheds pedtant wslght. (The
wolght of sther copiial-lnd eomponsits U Indepandoent]y
derlvad.) Both b abll in wwights would lower my S5ilpnke
of the oontribotion of Lobar Saput By L06 parcentaps pad tn,
rulee the soptryudden of capital by 0,14, and heoos lwsr
oy wtirrate of the gemidvation of ootpat pe ands of inpod
o (BB prowth bl of nationgd ineoes in the whold scan iy
In LSFO-62 by ou0E. The affset on the growth rate of ONF
b tebor comt per umit of Inpark in the privale dorestilo seetar
wondd by the oo, oo ressons wplabed in setion T
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contzibutions of International asets
snd, as explsined o section V, redi-
dential property are calenlated by a
different procedure that does not re-
auvire an input index.) The total
eapital-land eonttibution is the sum of
the contributiona of the components.
In thia section, I coasider the weighta.
Lsater sections will examine the input
indeaxas.

Becausa I enalyze net product and
my total capital-land weight ineludes
only net (after-deprecintion) earnings,
my total capital-land weight i= allo-
cated among typee of sseats in propor-
lion to their estimated net sarnings.
Jorgenson and Griliches allocsta earn-
ings in two parta. The portion of their
capilal-land weight corvesponding to
net (after-deprecistion) earnings is wl-
logeted by estimates of net earnings, as
in my procedura, To net earninge of
each type of deprecighie assel, they
add depreciation (replacement in their
terminology) in order to obtein gross
earnings. This corrmponds to their
mepsursment of groes produet and in-
clusion of deprecisiion im their total
capital-lend weight. This differenca in
onr weighting procedura is legiimate

. The eooal eodthmedls of He Sorgegact-Carillchem
alenlaticy difas om this despription, bok 1t 1= aneh-
svHesl¥ aqudvabeak, Suppoes, in & year 1, that in murremt
prieea el inceowe wod ouipat ae 300 and cumntogs of
Ioveabaries aie B (kqunl to & perceal of the total walghtd.
Srpypeos (et invwrbiey Input 1§ measored by 1 *aloe in
T prlene, a8 (hd vwhue i A1 [0 pear T o 610 {10 pimta

- e} {0 yoor 2 The e dwal procadure weukd pelliply
$he 20 percant Ingraase ik inveutery Eopak by 1t 5 parcent
welght, and moclnds thab the Lnoessy in hoventris bad
raled sutptt by GF percost. The Jarpsnarm-Oriliches
poeterdurs 1 ko divkle cha 35 of Inventooy samings in raor 1
by the SI100 of consant-price vaboc oyt 1 10 obiain &
g wien pris® 415 conka par Lokl (81 o7 Talee b IUE peives]
of yenoeks Too W mnitd of intelory Inpot In year 1
and £he 110 gnits Iy year 2 one then multiplied by § cants,
visMing 35 In year 1 and $5.80 In year 3. The Alfatécs af
50 conke B the comtrdputlon of the inceas in FRTénkrie,
ad I8 gy witied bo 0S5 percant of the rear-1 waloe of GUtpRt.
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becanse we are analyzimg. the prowth
of different output mensures. :

. The preceding description of the
Jorgenson-Griliches methadology per-
tains to- their final estimates, which
incorporate the adjusiments introduced
in moving from their table ¥V to tahle
VI. The weichting structure they
itially use—in their tables I through
V—is & mixture in that the total
capital-land weight includes deprecia-
tion but iz alloceted stnong componants
by net sarnings alone.

Iixe of nszet voiunes to
earnlngs

The total weight of capital and land
{excluding  depreciation in  the
Jorgenson-Gritiches estimates) is, as I
heve indicated, divided smong com-
ponents iz propociion to their net
sarnings. But first the earnings of each
component must be estimated, sand this
requires some assamiptions.

The earnings of an enterprise can be
measured, but most onterprises wuse
more than one type of cepitel and lend
and there I3 no way to obasrve directly
the earnings of ench type. The analyst
has ne alternative but to assume that
the individual eniterprise earns the
same rate of return on each.® Givep
this assumption, the totel nei eamings
of capital and land in each enberprise
can be distributed among dJifferent
types of assets in proporfion o their
value to obémin the eamings of each
type.

Jorgenzon and Griliches introduce »
second asswmption: that the rate of
return i3 the sama in all enterprises.
The #wo assympiions togather permit
them to sllocate the net earmings of
capitel-land among types of assets by
current ssset values in the private
economy &8 & whole. Except for o
modifiontion for capital gains and taxes,
whioh I shall discuss shortly, this is
their procadure.

The second sassumption is nob re-
guired by the nature of the economy.

alioeate net

20, Torgwosod and Ariliches mod el eouo e akeded ol ,
subsck b0 sones lnksr quatificntions ahotit capdtal gabia and
takry, thak, 1L the Tabe nd eborn Ik Tho akoos for sl typas o
agair, tha ratio of not cazn s b ek Vel sk ourmont Briess
|nalen thinAsme, This & not 3 whally @ dabetnry assungpliol
i p. 19, and 3, 7. 29, 112313, 3602041, Lt It ntrodooss e
dlicrepant ¥ Tatwnan J0F ey roess w0 Both ws It
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If deta were available, one oould
sllocate sarnings. separately for each
entarprise and add up the resulia. If it
turned out, for exampla, that enterprises
: having s high proportion of their
pmsets in inventories had w higher
rate of return;, on the average, then
enterprises having & high proportion
of their sssets in fixed capital, this
procedure  would - (I belisve sppro-
pristely) yiald a higher weight for
inventories and a lower weight for
fixed capitel than would & summary
allocation of total capital-land earpings
in the economy as 6 whole by the value
of differemé types of asseta in the
economy as & whole. With the statistics
available, this procedure camnot be
implemented for individnal entsrprizes.
But I have found it possible to introduce
what I regard as major improvemenis
in the weighting strusture by dealing
with groups of enterprises.

{1) The earnings of capital and land
used in the provision of housing
services—oalled tha  “services  of
dwellings” industry in internationsl
compilations—were isolated [2, p.
40].2 They sre almost the sams es
total earnings in this industry since
lzhor sernings are trivial. Sinoe reei-
dential capital and recidential land
are the only types of capital and land
used by thiz industry, and since {(by
definition) these assets ars not used by
any other industry, the earnings of
rezidentin]l sapite]l snd land cam be
unambiguovsly  identified.  Actusl
earnings of residential property are
pmaller than the estimate that would
be obteined i total earnings in the
sconommy s a whole wers allocated by
aszet vahies, and henca my procedure
laaves more weight for the remaining
Begeta 2

(2) The net flow of property incoma
from abroad, corresponding - to the

2. In moat Teolern Haropssn sauntris, the serviss o
dzhllings™ & conaldersd o separats Indestry, far whids the
Dblary daka we prbbsbed. In the Umibed Siatss, this
kvt i Hvided batostn B “Teal mtats™ Ao “(udis”
Indtietries s mot pahlivbed sepatabey, bt 16 con b ap-
rroiimated from the dstaiin of e rntotl evupnts work-

T My pracadurex srold the negd 1o focther dvde the
B4 fngs of rarldental property hetwean stiockunes and st
W muh » breskdewn weos desimd 3n opder to presers the
Torpemesom-Grlliopes olassification of waale, & cenld be
wwﬂuﬂqmuﬂhmnmmw
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earnings of intornational assets, was
also isolated; however, onee my esti-
mates are adjusted to correspond to the
scopa of the economy they cover, this
procedure does not affect the compari-
son with Jorgenson and Griliches be-
causr income from -ebroad is outside
their seotor.

(3) The remsining earnings of capitel
end land—those arising in the domestic
nonhcusing sector—were divided be-
twesn farm and nondarm componenta.
Within eech sector, the total was
distributed amopg ronresidential struc-
turez and eqguipment, nonresidential
land, and inventories, in proporticn to
thair net value. The estimates for the
farm and nonfarm sectors were then
added to obtain totel earnings for each
of these three types of assets. Farming
has & lower ratio of earnings to assets
than the nonfarm nonresidential secter,
and a higher proportion of its assets
are in land and a lower propoertion in
structnres and equipment, Hence, the
ceparate attention I give t¢ agricalture
results in a lower weight for laad and
o higher weight for nonresidential
struotures and equipment then would
be obtained if the farm-nonferm divi-
sgon wera not made,

My aversge weighta for the 195062
period are shown as percentages of total
netional income and of total nonlabor
income in the first twe columns of the
following table. The next two columns
give similer data for the private
domestic sector.

The last column gives a percentape
breskdown of the total capital-land
weight that corresponds concepluaily to
the percentape distribution of tha net
{nfter-deprecintion) portiem of the
Jorgenson~Giriliches final weights, ex-

7

cept for an adjustment for ecapital
gaing npd texes ihat they introduce.
(It also ocoxresponds conceptually to
their division of the totel gross eapital-
land weight, incleding deprecistion,
used in the construction of their
trble I.)%

Their distributions differ from this
statistically, however, bhecausa they
allocated totel net capital-land earnings
among components by values in the
privaté domestic economy as a whole,
without glving separate attention to
the "services of dwellings” and agri-
cultural industries® For this reason,
they presymably assipned a much
hipher proportion than I of the tokal
net capitel-land waight to residential
giructures and to residential and non-
residentiel land, and o lower proportion
to nonresidentiol structures and equip-
ment end (t0 a lesser extent) inven-
tories®* On balanoe, the weighting
structure for net earnings wifhin their
capital-land aggregate probably vielded
& smbller increase in combined capital-
land mput, and hence tended to pro-
duge n Igrger increase in outpui per
unit: of input, than my weights would
have done. This is chiefly beosuse land,
tc which they ssmgn more weight, did

not Increase.

3, Mo, howsver, that Torgensm and Griliches giagally
realéisntlal lasd with ihar land rather then =it dwellinga.
They algy subdivids mnrekdeoiisl shoctors snd squip-
i,

M. And poamitly sbic bxause of 9iferontsd in dats oied,

35 In thalr eabls ¥, ey poeomsbly o eeigasd w
hower prtpartion of thale ol weight bhen L to straotares:
aad squipment snd 3 higher propartion te lind and inven-
Lorles bethnas, o arive o the cormmk weloe of Aocctored
and, equipment, they o the docblo deolining balanos
formuola whish yields Jeesr vghoas Fo Aol scrsis thesy L
airtighi-dine jomnie I adepied, In their final goo srnlogs
wilghty, this diforomes i mers than sftest Since SeDrechbion
B added bask to the capitel componant to whish U partslos,

T hale eopmany Privata dommbin econamy

Porcent of kol Pyrownt of Paromt of

natimmal nm natbmal capitaldand

iorme qmn'r;'d [L Tt aurnlogs®

Internaatiannl ARl . . e e e o] o4 1| S .
Ewmbdential strckiurey aoed mind . ooen 1l 4.8 17
Wonratldaaytial droctoret and eqoipoemet., . ___ 119 3 124 o,
B LT LT« PN ny 1 s 4
BT T iz b |1 A | 1. ]
Tovtad eapinl S MO, . . oo va e s i .4 ™ f A LD

A priradimat,
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Capitol guins

Anticipated eapite]l gaine or losses
and texes on jncome may bias surnings
weights derived in the ways I have
described if their presence causes the
percentage distribution of asset valpes
te diverge from that of earnings within
& sector of the econcuy wherse the
distrtbutions have been assumed to ha
tl_m same [3, p. 28]. T believe any such
bins in my estimates to be irivial, bat
must devote extended discussion to tha
- topie because Jorgenson end Griliches

t.‘&aaign. it a2 central place in thei
| =nelysis.

I shall eonsider capital gains first.
Jorgenson and Giriliches beliave the
presence of capital gafns or losses
affects the velidity of the assomption
that esrnings are distributed like ssset
velues. They etate: “Assel prices for
different investment goods are not
propertional to service prices because
of differences in . . . rates of capital
gein or loss among capital goods”
(1, p. 267]. Their idea is that current
aszet values are proportional to the
surn of earings and cepitel geins =n
that allocation of earnings by asset
values assigns too much to assets
producing lexge capital gains and oo
little to assets producing small cepital
gaing or capital losses. They do not
diseuss  the timespan over which
capital gaine snd losses must be cumu-
lated to secure this proportionality,
"but 1 presume it is the discounted
‘value of the snticipated strestn of
’kgmings and capital gains thai would
be supposed pertinent.

The rvelovance of this iden to the
actuel data we both use must now be
explored. It is nacessary, I beliove, to
distinguish sharply between land and
raproducible capital. The current value
of land is estimated market velue; Jor-
genson and Griliches and I rely upon
Reymond Goldsmith for data. Land
prices may and often do reflect not only
aurrent; earnings related to current mar-
ginal produets but aleo the expectation
that marginal products will ba higher in
the future hecause of incressing lend
searcity {relalive to other factors),
Land is aiso an inflation hedge and may
reflect the expectation of & rise in the
general price level as well. Hence, the
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ratio of eurrent
lower for land than for sapital, and al-
locstion of eernings by wvalue may
overweight land end underweight
capital. ' '

The case of land has no counterpart
within tha reproducible capital aggre-
gate. The walues Jorgenson and
Criliches and I usa for capital com-
ponents are their current replacement
costs, estimated by use of price indexes
for new equipinent, structores, and
goods held in inventory. These values
are firmly anchored to the present price
level and present production costs of
capital goods and sre not affacted by
capital gains, {Actyally, T doubt thet it
would matter if the velues were true
maricet values, since thers is no general
reason fon these to depart from repro-
duction costs.} Therefore I see no resson
te suppose the allocation of weighta
among slryctures, equipment, and in-
véntoties is binsed by ecapital gains.

As indicated, Jand may be over
weighted and all the capitsl vomponents
correspondingly underweighted becanse
of capttal gaina. But if this is trne of my
weights, the bias must be slight, My
weight for dwellings and dwelling aites
(meoluding vacant lots, which yield no
carrent  income) i eompletely un-
affected heeause it is based divectly on
earnings, sxeluding capital gnins, and
my procedure doss not require s divi-
sion of this weight between dwellings
and their sites. Division of tots! sarn-
ings between fayrm and nonfarm in-
dustries greatly reduces sny possible
overweighting of private nonresidentiol
lend. In addition, I nsed conservetive
estimetes of the value of land (CGold-
amith’s eaclier, rather then leter and
higher, estimates). Finally, the weight
I assigned nonresidential land is so
small that it could be Teduced evem
radicslly with no great effect. If it were
out 40 percent, for exemple, and this
weight reassigned 1o mnonresidentinl
strugturss, equipment, ond inventories,

‘my ecatimate of the comiributiom of

output per unit of input would fall by
only 0.04 percentage points in 1950-62.

1f capital gains bins weighis obtained
frow & distribuiion by asset valoes, the
Jorgenson-Griliches weights, prior te
their attempted correclion, ere subjest
to lezger error than mine because they
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earnings to value may be |

Mar 3080

do not isolate eavnings in ihe “services
of dwellinge” snd agricitltural indus.
tries in which land is very important.

Jorgenson and Griliches attempt 4o
sliminste the biss that they presumme
would otherwise entee iheir wajghia by
introducing & formuls that ks bassd on
the assumption thet, each yéar, veltes
of types of eapital and land sre propo:-
tional to the sum of the earnings and
eapital gains derived from them in that
year. :

The formula can best be understood
with the aid of an arithmatie exampls.
Assume for some yedr the arbitrarily
selected data for the private domestic
economy shown in the following table.
{The table will be used agsin, and
includes some numbers net peaded as
yet.) For simplicity, 1 let the data
refer to the base yvear for deflation so
that psset values are the swme in current
and constant prices. The first colvmn
gives date based om “true” deprecie-
tion (replacement) as estimated by
Jorgenzon snd Griliches; the second,
on copital consumption as shown in
the wational income estimetes. Omly
twoe types of capital—eaquipment and
inventories—are present, and each has
8 value of 350,000. (Besidentinl and
nonresidential styuctures are handled
like equipment in the formmnls, and
land, like inventeries.) Dwuring - the
year, there is a copital gain (realized
and unrenlized) of $1,500 on the staclk
of squipment apd $500 on inventoriee.
The problem is to divide the' total

Jargeaion- | Matings]
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May 1960

Jorgenson-Griliches gross capital earn-
ings weight of $15,000 (or 2§ percent
of the total input weight of $60,000)
between equipment and inventories
when the Jorgenson-Griliches estimate
of *trus” depraciation is acrepted.

The umial procedure would assign
to equipment the $7,000 of deprecis-
tion on equipment, aod divide the
38,000 of net aarnings betwaen equip-
ment and imventories in proportion
to their values—in the example, $4,000
- each® The total weight of equipment

s them $11,000 and of inventories
84,000

In the ebsence of & corporation
income tax, Jorgenson and Criliches
would compute the weight (they call
it: the “service price™} for the 350,000
volue of ¢ach of the two assetzs by the
- follawing Formula (1, p. 256];

=0+t ﬁn—q—k]
1

where 3, is tha price of the &** capital
sarvics, ¢, is tha price of the &' invest-
ment good, r i3 the rats of return, net
of “true” deprecistion but inclosive
of rapital gains, on all eapitsl, & is
the “instantansous rate of replacement
of the &'* investment good™ (i.e., the
ratio of depreciation to net wvalue),

and g—: is the ratic of the capital gain

on the £* investment good to the value
of thai good.

I there were no capital gains in my
sxample (g would then be zero for
both eguipment and inventories), this
formule would yield the same weights
82 the simple procedure: $11,000 far
suipment and $4,000 for inventories.
The price of 350,000 of squipment would
be calenlated as

2000 . 7000 0
850,000 lﬂﬂ,ﬂﬂﬂ+ﬁﬂ,ﬂﬂﬂ 50,000
or §11,000,

The price of $50,000 of inventories
would be calculated as

50,000 [1

unn"“su,om 50 wu]
or 34,000,

M. I Fibvw hare the Jomponese-Chrilighas peossdurs of
ooenting indiewet tape, ote, an part of $he met scrmiacs
SIEDGuRng,
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The ezsmple zctually assmmes cap-
ital puinz of $2,000, of which $1,504 is
on equipment holdings sod $500 on
inventory holdings. When thesa are
introduced, the weights (serviea prices)
shift toward inventoriez, which have n
lower rate of capitel gain. The esii-
mated price {earnings) of $50,000 of
aguipment becomes

, (002,000 | 7,000
55‘][“]0[9 IDDIJIII' 'Eﬂﬂﬂﬂ

EIZI -I]I]ﬂ
or BL0,500,

The price of $50,000 of inventories
becomes

00042000, 0
100,000 ' 50,000
500

$50,000 [3,

50,040
or §4,500.

Tha asmumption of the caleulation ia
that asset values ench yesr sre propor-
tional to the eum of net {aftar-deprecia-
tion) earnings snd capital gains in that
year.® Jorgenson and Griliches base
their weights (service prices) for each
yaar on such a eslenlstion (or rather a
more eomplicated one to which I shall
come shortly) for that year.

I find it impassible to helisve that the
procedure sdopted by Jorgeneon and
Griliches netuelly improves the waighis.
It might he appropriste to apply the
Jorgenson-Griliches assumption that
values are proportional to the sum of
net earniegs aod capital geins—but
only with the use of average capital
gains over long periods of time to
adjust earlier years—if (1) asset values
ased in the caloulations were independ-
ently obteined sales values and (2)
substantially different rates of capicel
gain on different types of capital were
forecnst by firms and (3) their forecasts
were aceurate. But the second condition
is unlikely and the third so resirictive
that I doubt the procedure would be an
improvement even if the first condition
were met, Actually, the fivst condition
is oot met; as alveady noted, the capitel
stook values used are not market values
but current reproduction costs that are

27, The ealealathon implles net earmings of $3,600 sud

aapitel gaim of $LEHD for equipment, snd Dbk eamings af
$,508 el capritel g of BR00 1or iy boriees.
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not affected (axcept very indiwectly and
irralavantly) by prospective capital
geins. Consequently, tha bias that
Jorgenson and Griliches ssake to alimi-

. nate is nok presant in the original data. **

Their capital gainsg adjustment thus
introduces 8 bias in the opposite diree~
tion—that is, it overweights capita]
sgsots on which capital gains are small.

Even if all three conditions were met,
the relavance of an annual caleuwlation
would slude me. Since capital gains are
highly erratic from year to year, the
weights must alse chenge erratically
from year to year. It could hardly be
argued that market prices of capital
goods and land fluctuate annually so
85 to mainiain proportionality between
capital values and the sum of earnings

" and capital gains each year, nor could

firms adjust the composition of thetr
Teal assets appually aven i they could
foresee the pattern of each year's
capital gains and loases. The supposed
error in the use of asset values to devive
weights for a year could have n¢ re-
lationship at all to the size of capital
gains in that year.

Tax on corporate profits

I turn now from capital geins to taxes
on income. Jorgenson and Griliches
consider only the tax on corporate
profits. It is sometimes argued theé the
presenca of this tax leads to sllocation
of resources in such a way a3 to cause
the after-tax rate of return in the cor-
porate secior to be the same as, and
kence the belore-tax rate of retannm
higher thap, that in the noncorporate
sector.

Because earnings from all types of
capital and land used by corporations
are taxed alike, it is sasy to avoid any
hias from this source in the distribution
of capital-land esznings {which include
this tax) nmong types of assets if asset
values are available eeparately for
corperations. One nped only allocate
earnings of capital and land in the taxed
corperate sector in proportion to nsset
values in corporations, to allosate
earnings in the untaxed noncorporate
seotor ln proportion te noncorporuie
nsaet values, and then to edd the twe

8. Escopt parhapa Ioe the dirivian of the wakght betamai

Iand, om the cne bend, snd the fear apital compomonEs bt n
St o kb o b,

45



- 10

dis@ributions to secure the final earnings
estimates for use as weights. This
procedure aveids any bias from the tex
whether the tax diverts resources from
the corporate to the nensorporate
sector or does not.

My estimutes do iFeat separately two
sectors that are overwhelmingly non-
corporate: honsing and agriculture.
However, the combined enrnings of
corporate and noncorporate firms with-
in the nonfarm nonhousing sector were
allocated by their combined suget
values. This introduces an error into
my weights for nonresidential structures
snd eguipment, inventories, and non-
reeidential land if both (1) the raie of
retvrn aller tax {rather than befors
tax) was the same for corporate and
noncgrporate finme, and (2} the per-
centage distribution of assetd among
the thres types was different in sor-
perate and noncorporate firms. The first
condition would memn that before-tax
earnings per dollar of value of zach type
of capital and land are higher n cor-
porgtione than in noncorporate firms.
If this is 50, and if the second cendition
i# also met, fallure to allocate capital-
lend esimings of corporate and moncor-
porats firs {within the nonfarm non-
housing sector) separately would yield
too large an estimate for eamings of
types of nssets usad most by noncorpo-
rate firms and %00 small an estimate for
typea used most by corporstions. How-
avar, the distribution of sesate in non-
corporaie nonfarm firms eowld scarcely
differ ennugh from that in nponfarm
corporations to introduce sm error of
apprecishla size,

Bacsuse Jorgenson and Griliches
meke s sinpgle sllocation for the whole
private domestic economy, without
isglating housing end agriculture, the
potentiel bias in their estimates is mueh
larger pnd aztends to residential as well
a8 nonresidential capital and land. The
direet way for them to remove the

potential biss would be to make

separate allocations of sermings in
corporate and noncoTporate sectors. An
indirert way, having no advantage
because it requires the samp informa-
tion, would be to incresse the weight
witached to corporete assets by (1)
raising the value of coyporate holdings
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of eech type of asseb by the ratio of,

after-lax earnings to before-tex earnings
in corporations; {2) adding the resulting
adjusted value of corporate holdings ta
the unsdjusted valne of noncorporsie
holdings of each iype of asset; and (3)
allocaiing combined ¢orporate and non-
corporate before-tex capital-land earn-
inge among types of capital and land in
proportion to the adjusted asset waluss
ap ohtained. I surmisze that Jorgenson
and Griliches may have had this in
mind when they introduced their foz-
mula for the determination of service
prices in the presence of & direct tax on
incorns.

This formula, which iz used in their
actual celeulations in placs of the

simpler formula already discussed, is

guite complex because it tries to deal
simultanecusly with capitel geine and
the corporute income tax, including the
efferts of differential taxation of capital
gains. I believe the formula is intended
tp allocate earnings among types of
aapital and land on the assumption that
aseet values sach yeur are proportionsl
to the sum of net (after deprecistion)
ep¥nings and capital geins in that year
when sarnings and eapital gains from
sach type of asset are esch messured
after deduetion of the mrpﬂmtra Micoftg
tax applisable to them.

The formula, which I shall now
deseribe, does hot actually de this. In
fact, it does nothing at ull to remove the
biss, just discuesed, that allocative
affectz of the corporate income tax
may be presumed to introduce. The
Teason iz that Jorgenson end Griliches
apply the same ratic of Before-tax
eaTnings io after-tax oernings (the
average ratio for tha whole privaie
eronomy) to both corporate and non-
corporete assats inztead of uming the
corporate ratic for corporate mssats
and & ratio of one for noncorporate
aasets.

Introduction of new terms doez not
improve the results obiained by the
simpler no-tax foroiula alrendy de-
seribed but instead compounds the
errcre. In particnlar, it accentuates the
erroneous shift of the weiphts from
cepital-land components on which capi-
tel gain i high to thoss on which
capital gain is small. In addition, it
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shifts weight from depreciable asssts ts
land and inventories if {(ms s the cass)
“true” deprecistion ss measured by
Jorgenson and Griliches exceeds capital
consumption allowances as measuzed
in the eationel accounts (which they
use a5 & proxy for deprecisiion allow-
able for tax purposesy. I presuine their
purpose in doing this is to allow for
supposed effects of taxing depreciable
aszets on amounts that represent re-
covery of capital rathm- than true samn-
ings, but defects in their formula and
messurements make the smounis
shifted haphazard.
_ The formula [1, p. 287, formula,11]
is:
I—uy  1—uw, l1—uzd

?‘=E‘[I'—u LI v s pa g,]

The defivitions of the terms. [as
given in 1, pp. 268, 267, and 277-279
and in correspondence from the authors)
and their values for equipment and
for inventories m my example abova
are 33 follows:

g is the prica of the 2% eopital
service. In using the example,
I let it vefer for conveniencs to
tha prize of tha servica of $50,000
worth of eguipment, end of 550,-
000 worth of inventories,

is the price of the ™ investment
good. In the example, it is $50,000
for squipment and $50000 for
inventories,

T

@ 18 the ratio of corpornte profits
tax Lability to profits before taxes
in the private domestic sector of
the econemy.

Clorporete profits tax liebility s
taken from the national geconnts.
It includes tax liability incurred
bocanse of inventory profits snd
other capital gains.

“Profita before taxes” in the
private domestic aector are mess-
ureid as properiy ineome (Jorg-
enson-Griliches definition) iess
capital consumption eallowances
and private domestic nat interest,
both taken from the national
accounts. Profits before taxes are
fherefore egual to the sum of

Muy 1972



Muy 1960

eorporate profits and inventory
valuation adjustment” in - the
domeatic sector, the proportion
of ‘'propristors’ incoms’” not al-
located to Inbor,  the
income of persona,”  ‘4ndirect
buginess tax and nontax liahility,'
“businees transfer payments,'* and
“atatistical discrepancy,” minus
“subsidies less eurrent surplus of
government emtacprises.” ¥

It the reason that Jorgenmson and
Griliches count indirect taxes as
capital-land earmings is a belief
thet $heir shortrun incidence is on
ghis share, ome would also expect
indirect taxes to be counted as
taxes on these earnings. This ig
not dope; indireot texes are not
counted es taxes on income but as
port of income after tax.

This varisble is the same for each
type of asset, regmrdlass of its
distribution betwesn the corporate
and nonoorporate sectors. In the
example,

3,333

ﬂ-—'——m= 13?0*.

‘v is the ratio of (B} total income
from propercy less profits tax lia-
bility less the current value of
replacement plus the current
value of eapital gain to (h} the
current velue of capital siock. It
is the aame for all types of capital
and lend. In the example,

#ue 15,003,352 —7,000--2,000
100,000

= (66T,

v is theratio of private domestic nei
inkerast fo the afte-tex rate of
return, r, multipliad by the our-
rent value of the capital stock.
It is the seme for all types of
capital and lend. In the example,

1,000

= 56867 X 100,000 1

L

2. Au ariginalty printsd, the Fonpanann-Grilikhes ardidle
Staled bk e varkaie o, trs obbe of dbwet kiciation, 1 the
ritin ai prefits tax lnbilty ca peolite bedere taves fur the
Sitpnraty mctor, Thos date are from te T8, natloosl
Becunea [, P 2770, Thin dadalon, yuyeh boglad i u wara
Cobeymed oealy [ corjvmits abwin, vronkd make te st oo
a8 |I stands whelly inooosent,

May 1972
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w iz the proportion of “true” re-
placement {depreciation) that is
allowable for taz purpozes. Jor-
genaon end Griliches obtain this
proportion ss the ratio of capital
sonsumption allowances, as mens-
urad in the natignal ascounts, to
thair estimates of depreciation
{replacement). They use the same
ratia for all types of deprecisble
pasets {residentinl struotures, non-
residential atruotures, and equip-
ment). For equipment in the

. exampla,
“5,000
o= = F142.
7,000 ) :
No walun is nesded for inTentories
(or land).

&, is the rate of replacement {de-
preciation} of the 2% investmant
good. For equipment in the ex-
smple,

7,000
=.14.

Sy
i)

No vabue is nesded for inventories.

x iz defined as the proportion of
capitel pains included in ingome
for tax purposes, However, Jor-
genson snd Griliches inform me
that, ip their calculations, & actu-
ally was sssumed to be zero for
all &vpes of assets.’?

g # the rata of capital gain on the

* ™ investment pood. I defer a
description of the derivation of

0. In thalr artlche s 15 w0t Teally clear. TheT wrlle only
ihat "the prepertion of sapléal paing incindsd in inemmes 1s
e by the oenvantlons of the TN.B. nathonl somemta” [1,
P 7], Thinomoek b Intarpreed tomosn that e Tariabls
£, thw propartien of capdtl guine becloded s Hsoms o b
purpesss (bt ok the valos of eapltal paims s $hey appear
alosrieey 10 1 femuls} b zare” The tee fdstements oy
e, aid whils th firet I ks, the ssoond 3 ok, Bome.
aupltn] paina (te inventory vahaston ad]ostment In partios-
lar} are fully, wid oitwrr iy, mssd. Tovgeowan gnd (1e3-
Hehee irwlode theos oe In the mumerator af 3, whish hax
the alffeat of cherging thin Lo satings kisbied of to capltal
Ew, Wik + eqtnl to 2o, =os |0 (- Tunmseatar of the laag
term of the forrmale ekl ba pmbtted wHEOUL cheDy g (e
rasaits
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gx. In the exsmple, the ratio is

1,600 :
m— .'I}B fDI ﬁqmpmﬂﬂﬂ,
aod

s00 1. .
50_@00_*"1 for inventories,

When the values derived from the
example ara inzarted, weights of 510,794
for oquipment and $4,206 for inven-
toriez mre obtaimed. For squipment p,
sruals:

1— (370415
$60,000 [——-—1 e X 08667
L—{(.3704X.7148)

+ ( 1= 3708 K14
_ 1—(.3704X :|=
-——11__ or .03 |—810,794.

For inventorias, p, equals:

1—(.3T04X.15)
W—Xﬂﬁﬁﬁ?'l'-ﬂﬂ

1—(.3T04X0) ]_
— 1—.31'0'4 XFﬂl _qu-

Effocta of the formuln

It is informative to recapitulate
results from the exemple, and insert
the results of one additional caleulation.
When no ascount wes taken of capital
gains or taxes, weights of $11,000 for
equipment and $4,000 for inventories
were obtaiped. Use of the no-tax
formula te ollow Jfor capitel gains
shifted the weighte to $10,500 and
$4,500. If tax depreciation hod been
the same as true depreciation in the
examnple, eubstitution of the formula
with taxes present would have forther
shifted the weights to $10,048 and’
4,954, this changa reflacting the
Jorgenson-Griliches assumption that
capital gains are tax free® With
sllowsnes, in addition, for taxation of
poert of “true” depreciation on equip-
meint, the welght of equipment iz
raised to $10,784 and that of inventories
reduced to $4,208. The particular
numbers reflect only the figures as-
sumed in the exampls, of course, but
the dirsciion of the chonpes at each

$50,000

M. Thiz spbotilation uses only tha solgmm In the sdempbe
bagded “Jorgenson-Crillchen”" e waluas of the vatlakles
a0 the M 43 Ehom Just gl sooept Bt « b ATOL indtand
of 44, aed 4 (fee sgdlpraend) B 1 insoeed of T14,
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step helps to axplain just what the
formuts does to the weighta I have al-
reedy pointed out the main consequences.
The Jorgenson-Griliches formule may
have theoretical interest.™ But as thay
have applied it, it is hardiy to be taken
seripusly 6s & tool for sintistiosl analy-
gis. The alterations in weights, away
from assets with Jarge eapital gains, that
would be introdvesd by their simpls
“fax-absant” formula are untenable. If
they weare tenable, the additional
chenges introduced by their “tax-pres-
ent” formuls would not %e. The only
bies potentially introduced by the cor-
porate income tex. (excopt by differen-
tial taxation of earnings and eapitel
gaing) is mot affected. The overall cor.
porete tax rate, u, 29 mensored, is
meaningless. Tt alsa is obviously wrong
to assume thaet this tax bears as heavily
upon dwellings and land as upon other
assets. How Iindirect taxes can be
counted as part of before-tax capitul-
Jand earnings but not 85 & tax on these
eprnings defies my understanding. Capi-
¢el gains are not actuelly taxed at zero,
&3 is ssaumed; they are taxed at a wide
range of effeciive rates, ranging up to
full taxation of the nonfarm inventory
valuation adjustment. The Iraction of
depreciation (replacement) as measured
by Jorgenson end OCriliches that is
texnble ia not the same for all types
of deprecisble nssets, as is assumed ; the
ratio of reproduction cost o original
cost veries greatly between long-lived
sttustures and short-lived eguipment,
end the proportions of these assets on
which fest depreciation is allowed also
veries graatly in the later years of their
period.® Furthermore, much of the de-
precintion in the national accounts
{pariicularly that om most dwellings)
hes no tax relevance at sll {and farm
depreciation s already on o replace-
ment-gost basis). But these-chjections
are, of course, largely superfluous if I
am correct in asserting that the capital
gains adjustroent s itzelf a mistake.

B2 Howitar, if the forumsls 6 witwed ax o theanstieal
sonrbroed radhvy Lhan s Jesaiplicn of thelr
¥, B W, a0 2 shoald o1 ey ke suberint - gkoos Gy
Alfivz for enth Kok typa.

33, Tex depreciation JUTenk from e Jolcandon-Gillkhey
matimate af trus depmdation oAy bemnee orlgingl sk
| ot i sams e prododten ot ngd becace deuobls
duclining bakines depreciation B net stlowed or, If alloxed,
15 1ok ol b taxpaoywm bacarsn ey 4o o think 5 o
1o thelr adwaritage.
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oot and-in building up a capital stock

Estimates of capltal geins

Thie estimates of capital paina wsed
by Jorgenson and Griliches that under-
lie the whole snslysis ere themselves
subjest to considerable criticism. The
capiial gain on eny type of aswet tm &
year is properly the difference between
(2) the change in the value of heldings
of the asset from the beginning to the
end of the year, and (b} the velue of
the chengs in the quantity of the
asget, measured in cwrrent pricss. This
fpure ¢an be approximated within an
acoceptable arror by multiplying the
value of the asseé at the begipning of
the year by the percentage change
during the yeor in a price index for
the stoak of the asset.

Jorgemson and OGriliches inform e
that they used the former of thess
methods to secuve capital geins on
land, utilizing data from Raymond W.
Goldsmith. For the oapital items,
however, they uss nejther of these
messiures. They write: “The capital
gain for each asset is the product of the
rate of growth of the corresponding
inpegiment defletor and the valae of the
asset in cometamt prices of 1958"
1, p. 279, italics ndded]. This differs
from proper procedure I two Te-
spects, First, they mensurs chenges
in prices from the average of one year
to the average of the next, instead of
from the beginning to the end of the
yaor. This 13 iraportant for ther snnual
series, but probably weshes out over
& periotdl of years. Second, and mors
importang, they use the implicit da-
fltator for investment instead of the
implicit deflstor for the cepitel stock,
This procedurs yieldz en aceuvate
approximation of the eapital gain only
if the two daflators are the same. They
are the same if, but only if, the com-
pogition of the stoek of an easet is the
samne 63 the compogiion of ihvestmant
in it during each of the years cormn-
pared—pross investment in the cage of
depreciable assets, net investment in
the case of inveniories, Only in this
cage are the weights appropriate for a
capitel stock price index the same as
those that underlie the investment
price index,

In the national aseounts framework,
this condition is met only For residentjal
structures, which are treated ae a single
commodity both in deflaiion of invest-
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series. It is not met for nonresidential
structures ¢r for producers’ durables,
for sach of which daftation is performed
in considerakle detail.® Tt is wildly not
met for inventories; the vomposition of
inventory change is usunily very differ-
ent from that of the stock of inventories,
Moreover, the compaesition of inven-
tory change varies greatly from year o
year. As s consequence of this (together
witk the fact that, on a 1958 base, the
levels of price indexes for different in-
ventory componsnts diverge greatly ps
oha Mmoves awhay from 1958), the im-
plicit deflator for the change in inven-
tories properly moves vary arTebi .
especielly in yosrs far removad from
1058, even thoungh the deflator for the
stock of inventories moves smoothly.
Jorgenson and Griliches note and dis-
lika these wild movements. But inatend
of correcting their method to use the
deflaior for the ajock of imventorias
instead of inventory change, they arbi-
irarily alier the deflator for inventory
change hy substituting the conenmption
defiator,

Depreciation

When an investmen: yielding =
pogitiva gross relurn is made, gross
output is increazed, depreciation is
incressed, and net output is inereasad
by the differenice between the twa,
which js the net product of the invest-
‘ment. If one wers interested in analyzing
the growth of both gross and net
produck, he could proceed in any of
three woys. (1) He could wneivze the
growth of net product nsing net earnings
weights (as I did n Why Groush Rates
I¥ffer), and add consiant-price deprecie-
tion b output and {o the conbribution
of capital in order to snalyze gross
praduct (as I did in section I of this
peper). When L apply this method to the
private domestic sector covered Ly
Jorgensop and Griliches, my estimates

vield the following resulis:
Coriibu Contrlba-
l]utgwth mate | M thon af
inpats u'nllu{inl;gt
5.3 n 1
fifokai vis 1o Lo

3 The fust thed Tarpensan and Orillohes et sovh of
thim a1 4 gingle opmumodity, with & nghe saroioe B, in
b Tyt ing oapited stack seriay doss wnt solko 1o KMot

s ehjsclio,
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(2) Ha could enelyze the growth of
ps- product weing grosa earnings
wgghta {as . Jorgenson and Griliches
do}, smil eubiract constant-price de-
preciation from output and from the
contribution of capital in order to
enalyze het product. (3) He could
snelyze the growth of net product using
net earnings weighis and the prowth of
preduct using gross earninge
weights. The ihrea procedures are
exactly equivalent only in special cir-
cumstances, but thair results are noi
likely, in . practice, Lo diverge very
muech. To explore the conziderstions in-
volved in tha choice would take me far
affeld, and T eontent myself with the
a=seriion that, to measure net product,
it ks beiter to use net product weights
than to follow the second alternstive.
Jorgenson and Griliches [I, 1. 257]
criticize Jdohn W. Kendrick for not
using seivica prices as his weights.
They are wrong. Xendrick analyzed
growth of nei product smd appropri-
ately used nel emrnings weights, To
include depreciation in the weights in
an enelysis of the growth of net
product, as Jorgenson and Ghriliches
insist he should de, would be a plain
error ihat would lead to overstatement
of the contribution of capital to
growth*® That the other aspect of
thair service prices—iheir capital geins
and tex adjustmeni—would have im-
proved his estimates is jusé not credible
on the basia of my preceding diseusgion.

Effect of differences in weights

When Jorgenson and Griliches adjust
their initisl estimatez to use what they
call “prices of capitel services” in their
caleniations, they raise their 1956-62
growth rate of total input, and lower
that of output per wmnit of input, by
0.35 percentage points [computed from
1, tables ¥V nnd VI). This number som-
bines the efectz of two changes from
their initial estimutes. First, Jorgenson
and Griliches remove an error present

36, Uniess the soconkl aitermetive st moove wixn 1o b
wilgphed, which Jorganson and Givllekes da not sugeeak
Thvus have oo sonde studiss of grose product that heve
hrlodod depreclakien o te welght of capiad and b &5
7 whedle bt v sllocatsd it ssnang eommpanonts by valow
of the sbock. The Torpaneon-QHbehes critlobn of this pro-
ofder: {whicl comuaponds to teeley o conatructlon of thec
oblo I) I3 covmeck,
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in. their initial weights, Whereas they
imitially ‘allocate the depreciation com-
ponent of their grosa capital-land earn-
ings weight like net earmngs, they now
allocste it correctly by depreciation.
Second, they introduca the sdjustment
for cupitel gaine and corporate income
tax that I have described. The portion
of the .35 percentage points that
results from the reallocation of  de-
precigtion doss not rTepresemt o dis-
crepaney between their etimates and
ming of tha contribution of output per
unit of mput to GNP growih in tha
private domestic sector. I cannot izolate
this portion but it iz elearly suhatantial
and, lika tha ecombined adjustment,
positive. Tha portion that results from
the adjustment for capital gaims and
taxes does coause b discrepancy, but T
eannot, isolate the amount nor sven be

13

sure whether it is positive or negative™
Neither can I celoulate the discrepancy
between our resulis {ncé nacesserily
included in the 0.35) that is introduced
by my according separate trewtmemt to
housing and agriculture. Henea, I can-
not measure the difference in our sutput
per unit of input series that resulted
from the difference in our aliocation of
the total eapital-land weight among
components, and this introduses & gap

‘into the reconciliniion tebla I provide

in section LX.¥

Consideration of tha bearing of the
Jorgeneon-Giriliches disenssion of serv-
ice prices upon my own estimates
suggests only one qualification of my
procedures. This is the poessihility,
already examined, that 1 mey alightly
bias my results by overweighting non-
residaniiasl 1and.

Y. The Measuremwent of Copital-Land Inputs

(Bxcluding the

I turn mow to input series for the
veriouz fypes of capital and lapd.
Thiz section compares my estimuptea
with these of Jorgenson and Griliches
aftar their sdjustment for what they
call “arrors” in imvestment goods
prices, but neot for chenges in “utiliza-
tion.” Their “utibzaticn” adjustment
will ba discussed separately in section
VII.

Nonresidential lond

Jorgenson and Griliches and I aaeh
estimate tha input of nonresidential

3. Tha pereentagedriabon of the Juption-Grillvhes ot
capdtaldand twiviligs walght babwoet ek sttiogs wnd de-
promation ab wbects the requlls, [t mAy or may Dok dier
oppoiclably om mine Tieie depescintion ¥ prsamebly
Intiger b s thay oo o dootabe decd lndng balases iostend
of i stratphi-lioe omule. Bt thelr ek eAming e alan
Iyvper becattos they Snolode indeent e,

7. The combinad slfees of this snd oorkakn obbar diffurances
13 eatipintedd In beok[on LX ¢p b 033 perrentags poloks.

3. Thalr relhmates combing ritkdanilal with
wialland, Pach s Koy wirnld esvams myies slight dosctogs o
winusaldantisl and avd an inaoese in residencial land ir-
Aty Word Lo o khed (isdinedion,

2 Necwona of differsnces In the waph! aesigond 1o thh
nongrowing fackor, sireody diseused, this doet no! mmd
that kand does oot affect quc pegulls.
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“Iltilization” Adjustment)

lond tc have been constent over tha
period.* Tis contmbution to growth is
therefore zere in both series.®™

Inteniories _

To measura inventory input, I uss the
QBE series for the value of farm and
nonfarm inventories in 1958 prices; this
is the senies that is consistent with the
annusl changes published in the nation
nccounts, The growth rate of this series
times the inventory share of national
Imcome equals ¢he contibution uf
mventories Lo growbh.

Jorgenson and Griliches initially use
& conceptunlly simiar, but statistically
different, series obtained by starting
with a base-yenr velue spd cumulating
annual chauges published in the nationsl
accounts. They then mtruduca o cer-
tainly erronecus change in the price
deflator; they substituis for the inven-
tory deflator the deflater for perschal
+ consumption expenditures. This error
i= apporently o byproduct of their
fuuliy procedure for measuring capitel
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gains, which Y have already discussed.

Growth rates of the stock of inven-
tﬂﬂ&ﬁ from 1850 to 1962 are 3.00 for my
series {2, p. 100, 4.08 for their initial
geties, and 4.14 for their seriss after the
price substitution (both computed from

1950 and 1982 valies in 1958 prices

provided by Jorgenson and Griliches).
The initial Jorgenson-(riliches inven-
tory sevies incresses by about the same
abeolute number of 1058 dollars as mine.

Its much larger percentape change and

-growth rate redect a manch lower figure

for the base-year value of the stocic:
their series for total inventories runs at
i bit Jower level than the OBE serjes for
nonfarm inventories alone. The date
thay use for level and change are
evidanfly incongistent.

The difference of 1.14 poinks batween

-their final inventory prewth rate and

mine accounts for 0.04 percentage
points of the difference between oir
estimates of ouiput per wnit of input
growth, based on my shara weights;
the amount based on their share
weightz would probably be sbout the
same. Of the divergense, 0.03 is due to
the low level of their inventory series:
this iz raized to 0.04 by their price
adjustment. -

Nonresidential striectures and aeuip-
ment: Denigon series

One's choice of o capital stock series
to measure input of nonresidential
structures. and equipment necessarily
depends on hiz Judgment as to whether
or not the ability of a capital good to
contzibmte to production declines during
its actual service life hecause it per-
forms less well, requires more mainte-
nance, or is installed in & less optimal
usza than it was initially as a result of
demand shifts and the like; and, if it
dons decline, by how much and in what
time pattern. Gross stock (the valua of
the stack without deduction for ac-
cumulated depreciation) provides an
approprinte measure if there iz ng
decline. Use of o net stock series 5
ndways insppropriate on theoreticsl
grounds; net value drops as the length
of the remsining service life declines,
and this hos ne relevance to ability to
eontribute to produstion ourrently.
In Why Grouh Rotes Differ, 1 assumed
thaet the ability of capital goods o
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contribute o production typically does
decline during their service lives but
noé very much. I suggested [2, pp.
140-1417 that if one weighted the
growth rate of gross stock sbout 3, and
that of net stock based on straight-line
depreciation shout 1, he would obtain
& series that might veasonebly spproxi-
mate the decling in the ability of
capital goods to contribute to produe-
tion as they grow older. To give soms
weight fo net atock in this way is mere-
ly n convenient method of introducing,
& declining pattern,

In my actual esiimates, I gave equal
weight to gross stock, based on Bullatin
F lives, and fo net siock, based on
Bulletin’ F hives and stxaightline de-
preciabion. (For the 1850-62 penicd,
but not the subperiods, estimates of the
conéribution of sapital to growth with
the capital stock data I had wera

potually the same whether gross stock .

or net stock was used, so that the
weights asteally did oot matier for the
whole period.} I did so partly because
1 feared the gruss stock series then
avaeilable to me was unduly sensitive
te possible ervors in petimnted sarvice
lives ua o remalt of ks constraction with
but litéle detail and without a diséribu-
tion of retirerceniz, end I wished to
reduce this sensitivity; and parély be-
oapse of the neeads of internatiopal
comparisphs [2, pp. 146-141]. '

My estimater were made befora the
latest OBE capite]l stock sindy was
completed. Befors I continue this sec-
tion, the ohange that use of the new
OBE dats would introduse into my
pstimates needs sxaminaiion. Had the
CBE study besn complated, I would
have wsed OBE capital stock series
based on Bulietin F lives, on use of the
Winfrey distribution for retirements,
and on use of the OBE “price deflation
II.”

Growth rates of the steck of non-
residentinl stryotures and equipment
from 1930 to 1962 gomputed from fiva
measures, and my estimates of the con-
tributior of structures and equipment
4o the growth raie based on each, a1e
a3 follgwrs: *°

4. Thé revhad OBE data wers poovided Uy Wibic oo
Dtsimiba 10, 10AT, My srvatige HM-ST wabght for Bobiad-
gential stroctures and squipmesnd B 112 paegent of total
e,
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Row 1 shows the estimates 1 setually
uzed. Row 2 shows that the incorpora-
tion of revised OBE date, based on
Bullstin F lives, straight line deprecia-
tion, and the Winfrey distribution,
but retaining the same deflators (OBE
Daflation I} &s the estimates I actually
used, would lower my estimnie of the
contribution of capitel o growil by
0.8 percentags points. The change is
due mainly {0 the use of much more
detail in the celeulation of stocks.
Row 2 shows that substitulion of
QBE’s series based on their Deflgtion IT
for nonresidential structures would
yield a contribution of capital 0.03
percentage points higher then does
use of their Deflation 1 series. (I shadl
comment on the difference shorily.)
After this sabstitvtion, the comtribu-
tion, of nouresidential stzucturves and
equipment based on revised data ve-
maine .03 polnis lower than the
eatimate I actually used.

Given estimates incorporating the
Winfrey distribution and the use of
considernble commodity detail, and
in ‘the ebsence of international com-
parisons, I would weight gross stock
about thres and net stock {(based oh
atraight line deprecistion) one, instesd
of oesigning equal weights. This would
¥ield a contribution of 0.39 points
{row 4) and would lower the satimataes
I actuslly used for the contribution

- of capitsl by 0.04. My estimsie for the

contribution of output per unit of
input is thus .04 points too low by
reference to the estimate 1 would now
secure by use of the data presently
available.

Mnay 1972
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Nonresidential structures ond oy
THenL: ngemn-ﬂrikchm 8

* Jorgenson and Gn]mhm treat non-
rezidential struciures and producers’

dursbles wus separste inpufe in their -

estimates. For ench, ther use the double
declining balan-::ﬂ formula to obtain a
capital stock series. No detaill is used
for either caleulation.

Capital stock saries obtained by the
double declining balence formuls have
elways heratofors been described as
“net stocle” series. Estimates of the
velne of mnet stock obtained by this
formula assume that net value declines
repidly~—much mors rapidly than the
straight Yine formuls assumes. Justi-
fication of so rapid a deeline in net
value has relied on the argument that
obeolescence is rapid; this ]ust.lﬁcatmn
seeins to require that obsolescence not
only shortsni serviece lives (thiz is
reflacted in all capital stock series} but
also greatfy accelerntes the loss of
value daring the shortened service life.

Althongh their method iz the same,
Jorgeneon and Griliches sometimes sp-
poer to regard the series thay obtain by
the double declining halange fermula not
as 2 net stock series but as o gross stack
" serigs. Thus, in describing the davivetion
of a eapital zaries, they stata [1, p. 265]:
“The quantity of new investment goods
reduced by the quentity of old invest-
ment goods replaced must be added to
sccutmlated stocks.’” And, agein: “Wa
assume that the preportion of an invest-
ment replaced in o given intervel of time
declines exponentially over time."” (Both
italice mine.) And they usually (though
not on page 277) refer to the value
. eliminated fram the stock each yenr os
‘“veplecament” rather than as deprenin-

tign, Jf tirey mean “raplacement” to be.

cobstrued as equal to dml:ﬂrds they are
indeed trying to construct a gross stock
series. But af this s their intent, their
method is eertainly odd. I do not know
what evidence they would muster to

suppori the assumption (which is also .

applied, even more improbably, ta dwel-
Yings} that discards decline exponentially

{i.e., are grestest in the first yesr after

puarchase or installation end thereafter
decline each year}. But even if it were
true that discords decline exponentinlly,
their eaxponents (because they use

May 1972

double declining balance} epparently sre
about twice too big to retain the (Bulle-
tin F) avernge service lives that they
initially aceept apnd from which they
begin the ealeylation [1, p. 277]; that is,

lhey preatly aut their own average .

garviee Hives. Starting with » 16.1-vear
avarags serviee life for equipment, for
exemple, they estimate half the etack
hns vanished after 5 years, and seven-
sighths after 15 years.

Whatever ths intsnt, cha.ngmg ‘the
name does not change. the data, and 1
shall regard tha series constructed by
Jorgenson end Griliches es measuring
whai such series have slweys been re-
‘garded as- measuring—the net stock
based on the double declining balance
formula—and whet they call “raplace-
ment’” as sn estimate of depreciation.
A series based o0 this formuls makes the
ability of an individusl cepital good to
coptribute to current production drop
much faster than' seems to. me ab =l
plapeibte. Whatever can be said to
justify its usa in measuring neit walue
has no relevance to. mensurement of
chapnges in ability ic conitnbute to
ourrent production,

I bhave puzzled over the Jorgenson-
Grliches discussion of why they use
their formuls (1, p. 255) but have been
unsble to discern its relevince to the
choice of o capital sbock series to
measure changes in capital input.®

It may be necessary to note here that
the choice of & partioular formula to
measure capital depreciaticn {or “re-
,placement”’) in the process of comput-
ing incoma share weights, meluding
the nat capital values nsed to allocate
total met capitel-land esrnings among
components, in no way dictates that
the same formula should be used to
gonatrnet the capital stock series that
is used to indicate changes in eopital
input over time. Different series not
only esn ba used for the two purposes
burt, eoncaptoally, must be. For weight-

&1 Tht Forgeoens-Griliimwe disaemny oy b vikmlhe
stesdy mowth of mgrlacamwmit investment, and thair ratbonnl-
Irathon s 10 requira, in wddlikm, sagdy growth of oewr
meaabmrent. Dok { proxs capleal inveriment prew ok & atoedy

by {uml] servle Ives witon ot changed cvor timed, 16 would
mnhﬂtﬂuwmdiﬂmmmthnninﬂxﬁm:m
(i ¢l itagiyl Sbeums af 41 e} o of Aok ook compeded by
iy e the umaal $orin lax were need to measre: capital fipuk.
Ik i ool Bueaiit Wribetrnont hied B Irokgular—partisaluly
Trtpee of deqrembnn amd wac—that the pobliog of skt
T any Eopocience. ]
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ing, value must decline as remsining
service life diminishes wherens a meas-
ure of current services must not do so.
Thus, it is eniirely consistent to nse
net stock values &0 determine weights,
and whatever series seems mosh euil-
able (including, in pnrﬁculm*. g1088
‘sbock) to measure changss in capital
input {or services) over time. Jorgenson
and Ciriliches themselves accept this
view when they adjust their capital
services for changes in utidizadion
{section Y1I below) without changing
their depreciation.

T wish to stres that the cholice of
depreciation oy replacement. formuls
sppropriate for measurement of changes
in capitel input has nothing to do with
“rintages,” that is, with the way one
wishes to treal quality differences in
capitel goods that do not refleet o
differenice in coste and that result in
“yamegsured” gquolity change (or “em-
bodied” technical propress) as time
goes gn. Use of a fast depreciation
formuls i not a methed of making an
allownnce for unmessured quelity
change, This can be reedily seen from
the fact that, with any continuous
rate of quality improvement in capital
gooda, pet capitel stock based on
double declining bolance depraciation
can rise either more or fess than groes
stock or net stock based on straight
line deprecistion. From 1850 to 1962,
for example, daks from the OBL capital
stovke study show identical percentage
chanpes for net stoek when straight
line depreciation is used and when the
&nuhla dmhmng balence method is
umd 12 -

Jorgenson and Griliches employ
series they themselves derive by use of
tha double declining balanece formuls.
They assign s sinple service life o all
nonresidential structurss and to all
producers’ durables, whereas OBE as-
signs different lives to sach of 2 large
number of components. The growth
rate of their value of nonresidential
structures and equipment (from the
beginning of 1950 to the beginning of
1962} is .17 higher than that of the
corresponding OBE satjes. Even so,

43, This Ia th cos whathsr "sorittant coft I or “constant
coxt IIM ggtivnoken aro sompored. Cheoges ook dalipabed
ot the average of the bopinming sad eod of Y060 12 the
mimiler fgare Or 1.
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in the period epamined, their eries is
- not radically diffarent from other mags-
ures. The 1950-62 growth rates of the
capital stock series they imitially ob-
tained (prior to their -price substitu.
tion) and used in constructing their
table I, aze 4.11 for equipmment, 3.42
for nonresidential structures, and 8.72
for nonresidential structures and equip-
ment: oombined {compuied from date
for the value of the stock in 1658 prices
provided by Jorgenson and Griliches),

However, in moving from their table
II to table IV, Jorgenson and Griliches
greatly accelerats the risa in the prowth
of the aquipment stock by deflating
past gross investment in producers’
durables by the price defiator for
consurmers’ durables instead of $hat
for producers’ durebles. This substitu-
taon raises the 1950-62 growih rate of
their equipment stock alone by 1.49
points, to 5.60, snd the growth rate of
nonresidential structures and equip-
ment combined by 0.62 points, to 4.54
fcomputed from cepitel stock dste
provided by Jorgenson and Griliches),

T'o justify the substitetion, Forgenson
and Griliches stefe that, for items
that appear in both the BLS consumers’
price index and the BLS wholesale
price index, the retail and wholesale
sories diverpe by rToughly the same
amount &8 the composite indaves.
Theay further state that the consumers’
price index is betier because more
money iE spent on if.

Tt ia de=irabla to deflate commion sam-
ponents of consnmers’ expenditires for
durable poods and producers’ purchases
of durable gonds by the same dedlator,
tha bast aveilable—at least when thay
are scld by the same onilets on similer
terms. But sutomobiles are the only
important common component {as well
83 the only component of the consumer
and wholessale price indexes that is men-
tioned by Jorgenson and Griliches) ¥
And OBE alresdy uses the same (con-
sumers’) price series to deflate consumer
and buzsiness purchases of automohilas.
The sharp divergence between the im-
plicit dedators for sll consumers’ dura-
blee and all producers’ durables is
ascribable o cormodities net cornmon

&), Epre trped of offi Tornilamd yight b regurdsd
beving & hoosabnid connierpert, and there am Lams of
Erivinl tnporteace.
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t0 the two series. Production . processes.

for the two e6ts of gooda are very differ-
ent. Consumers’ durables, which bad
the smallest price rise ‘of ‘any sizable
product group,.are dominated by mass-
produced, standardized produects. Thegr
axceptional prica behsvior wes dus {o
radio end television receivers, “kitchen
and other household appliances,' - and
automobile '“tirea, tubes, accessories,
and parts.” Producers" durables, in eon-
traat, ara dominated by items produned
in small volume, including & large dle-
ment of individualized, . built-ic-order
items most akin 40 tustom services. I
do noi see how any inference sbout
changes in prices of producers’ durables
can be drawn from prices of consumers’
flurables, or that the latier provide a
more relevani comparison with the
former than any other prices.

The OBE deflator for producers’
durables is, to be sure, subjeci to
subztantie]l error in either direciion
because the daba entering it wwe in-
comnplete and their reliability low—
mainly hecause sc msany components
are not stenderdized. But there is no
a priori preswmption that the series is
biaged upward by reforence to the
usual price index critéria. I regard
this substitution as inwarranted.

It must be stressed that this prica
substitiulion capnot be raticnalized ss
an attempt to allow for quality changs
naot invelving & differencs in costs at o
common debe {‘‘unmeasured™ quality
change), MNeither the CFL nor the
WPFI makes any such allowance {nor
do any of the GNP deflators).®

In eonirast to prodvcers” durables,
there is & presumption thai the de-
flator for the nonresidential structuves
portion of GNP is hiased upward by
referance to usual price index eriteria
Thiz is becauss most components are
based on prices of construction mate.
rials and labor, rather than on output
prices, wnd hence do not allow. for
changes in ontput per men-hour in
onesite construotion work. This  bias
hes long been resognized, but ite size
has been hard to appraise.

For use in its capital stock study,
OBE developed an alternative non-

. I iy visoy, tlepd Bt i way 20 do 3 Bot thin dy o
conkrgrerainl matine that, peed ot ke 2lsonmed i,
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vegidential© construction price aerias

thut sitempts to eliminate thizs biss,
ond nsed it 25 an alterpative to t-ha
GNP nonresidential construetion prica
deflator to derive its Deflation II
capital stock estimates that I have
already mentijned. These estimates
diifer from OBE’s Deflation I estimates
onty becanse of the use af a differant
constriction deflator. Jorgenson and
Grifiches make the same substitution
in moving from their table IT to table
IV.. This rsises ths 1950-82 growth
rate of their nonresidential structures
series by 0.50 percentege points, from
3.42 to 3.92, and the growth rate of
nonvesidential strrctures and equip-
ment combined by 0.25 points, from
3.72 to 4.00 (computed from dats
provided by Jorgenson and Griliches).
The effect on the combined series is
almoel identical to ihai (0.27 puints)
miroduced when the similar substitu-
tion was made between lines 2 and 3
of the taxt table sbove, and the effect
upon the prowth rate of fefel ipput
when iny weights are used iz also the
saing, .08 percentage points.'®

The 4.00 growth rate of the atvck of
nonresidential structures and equip-
ment obtained by Jorgenson and
Grilickes when their conatruction price
substitution but not their equipment
price sebstitution is inéroduoed may be
compared with the 3.40 growih rate
I obtain by use of the revised OBE data
with use of Deflation 1T {fext table
sbove). The 0.60 differance reflects
both a difference in choice of capital
stock series and OBE's greater use of
gommodity > detaill.- Based on my
weights, it accounis for 0.07 peroentage
preints of the differancs baetwsen us in
output per unit of input.

Residential structures and lond

My methodology does not require at
input series for residential structures

4, With bora the squipitond spd bobruclion, pybes sob-
Bt Wi 155682 prewrth rate of the Jorpemsone Grliches
parlss e monresidential sfruthood wnd squippeent 5 55,

#, Bobolb 7, Gordon Iag 6lse attampied to conatrock &
mariges Or giwliaean of noorealdentia cmstoaotun xn which

“the bikad has Tesen dHonlukibed. Thnli lup has paiseroatyely pravided

e sheow thak Hiekilution of Lby sarhem for the OBE oom-
Teaideniial sonodnaction defebor wodhd rokst Hhe growih reks
of & fered bor the ook of noursaldentlsl atreoiores and
oqhi pienk (gpsalfieally, the grom atotk bassd oo Pullekin 3
livea) by .80 peveantige polota. A oangs of this sire woald
vilte the groorth raks of & Lokal inpard Saried, busd oo My
wilghts, Ty 006 parcaniage points of againet Kb GUH indil
cated by the OBE Daletion X aories.
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and land. Instend, T isolate the amounts
of 'nhﬁdnal income, messured in con-
stant prices, that originated W the
#gervigos of dwellings' industey in the
agme way Bs.the current dollar figures
waré obtalied in deriving share weiphta.
The =saine procedurs can be followad
for GNP at factor coat. I find [2, pp.
123128, 413) that ths increass in the
stock of dwellings and residemtial lapd
coptributed 0.25 percentage pointz to
the growth rate of national income and
¢.32 points to the growth rate of GNP
at faotor cost from 1050 to 1962.7 This
method- of direct messurement, which I
first used in [2}; s, In my opinion, an
important advanse in growth snakysis.
It provides o measure for the contribu-
Hon of thie very large part of the
eapitaldand stock to the prewth of
output Az actuelly measnred that is
entirely aceurats, exoept for some slight
statistical diffionlty in the United
States in disentangling the details of
the natiopal product -eatimates. An
incidental advantage, it may be noied,
is that the figure for the contribution, to
GNP makes no use of, sud consequently
cannot be affected by, erTors ip the
price index for residential construction.

Jorgenson and Griliches measure the
contrabution of residentiel structures
as the growth rate of the dwellings
stock times the weight assigned o
dwellings—the procedure I used in an
earlier study [3]. However, inatend of
using & grqoss stock series to messure
changea in the ssrvices of dwellings, as
I did then, they use net stock ealoulstad
by the double declining balance for-
mula, It seems to me hmpossible to
suppose that this pattern remotely
resetnbles that of the flow of services
of dwellings during their service life.
The 1950-62 growth rate of the dwell-
ings stock computed by this fonmuls,
se they inttially estimate it for, use
En tlu:r table Iﬂdasbi 53 [mmputaj

m date provided by Jorgenson an
Griliches).

The deflator for residential construc-

- AT The poreass n grodd peodoet of feoto ek, Taloed in
130 prices, waa ot B 5. 7 hilkion.
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tiocn may be presumed to have an
upward bias for the same reason as the
deflator for nonresidentisl construction.
Jorgenson and Griliches attempt to
allow for this by deflating residential
construction expenditures by the OBE
Deflation II series for nonresidential
construction in place of the residential
construction deflator.  This raises the
1950-62 growth rate of their dwellings
atock by 0.39 points, from 4.53 to 4.92.%

Residential land is combined with
other land in the Jorgenzon-Griliches
procedure. As already indicated, their
combined growth robe (and mnh"-lhll-
tion to growth) is zerg.

If T had used the Jorgenson-Grilichss
gTowth Tate for the net stock of dwell-
ings, end multiplied it by my =hate
weights, I would have obtained & much
lower figure than I did for the contribu-
tion of dwellings to growih of total
national income: probably arcund 0.13
percentage points instead of 0254
My output per upit of input sertes
would then have been raised by about
0.12 points. I am not, vnfortunaiely,
able to quantify the effect upon Hheir
estimates of the difference between us
in the measurement of the sontribution
of housing.

Sumimary commaenit

The Jorgenson-(iriliches esiimates of
the conteibution of capital and land to
GNP growth differ from wine because
of (1) differences in weights; (2)
differences in the initial method of
measuring oopital and land inpuis,
including the difference in method of
estimating the contribution of dwell-
ings; (3) their substitutions of price
indexes: snd (4) a uidlization adjust-
ment they introduce. I have already
expinined the welghte (1); discussion
of the utlization adjustment (4) is
deferred to section VIL.

4. From 1550 10 1562, the Deltion IT Sérkat rises Tees than
th penidagitial conatrocklon deflbor, 80 the sbetitation bm-
pliex that kha T3 in the defladcor 1o dosmard in this paried.
This eatcriinta bar the nogetiva sdjaimenk jn b growih rate
of satpnt that tho fllewing scotion showa s intredoced by
Ehis pyiex aubatiutin, Over the fonger (ams spen efeeted
in the sapdeal abk Betles, the adjrtrmend ff in the right

dlscthn.

SURVEY OF CURRENT BUSINESS

BT

The total efect of all their price
substitutions (3) was to raise their
1850-62 growth rate of totel input,
and lower that of outpui per unit of
input, by 0.23 percentage points [com-
puted from 1, tables II and IV). This
calculation s based on vse of thelr
welghts. Of this amount, in the neigh-
borhood of .07 points derives from
adjustment of construction. The re-
maining 0.1 points are due to sub-
stitutions of price series for producers’
durables and inventories (almost ep-
tirely the former), which T regard as
illaptimate. (It is partly offset by an
cutput adjustment desoribed in sestion
VI below.)

The effest of (2}, differences in
measures of lnpub {séher than price
substitutions for producers’ durablea and
inventories), I cun valeulate only with
the use of my weights—that is, the
numbre refer to the change m my series
that use of their input indexes would
inkreduse. OF the diference betwesn us
in total input and output per unit of
input, the difference in our measore of
tnventory input {exeluding their price
mubstitution) accounts for sbout 0.03
pereentapre points, and land indexes for
nons. Their nonresidentisl structures
and equipment series rises snough more
than tha revised OBE series 1 would use
to scoount for 0.07 peoints; both are
bazed on the OBE IT construction
deflator. The differanca in residential
structurea accounta for minus 0.12
points. The difference in capital stock
measures (or their equivalent, in the
cass of dwellings) thus secounts for
minus 0.02 points of the difference in
pur output per unit of input measures,
based on my weights nnd spart from
the effects of their price subsiitutions
for producers’ durables and invantories.

My incorporation of revised OBE
date For nonresidential stuctures and
equipmen b wonld edd 0.04 poinés to the
difference between us.

8. Tils caloulalion sAppotes Lkt eledt one-Tuarth of Hee
weight I atalgn bo dwallings pertaing 1o sitas, a8 ditkngoiahed
rdah Strokares.
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VL. Eifect of Price Index Altecations on Outpat

JORGENSON and Griliches substitute
investment price indexes in deflating
the investment components of GNF
33 well as in measuring capital stosk.
The 1950-62 growth rete of their pri-
vate domeatic GNT 15 raiged by 0.08
percentape points [caleulated from 1,
tables IT and IV] and this partially
offsete the deduction from ouiput per
unit of input they introduced by sub-
stituting prices in  capital stodk
measarennen t. :

To isolate the separate effects of
their price snbstitutions on output, I

duplicated their caleulations. The
breakdown of their sdjusiment is:
producers’ durable equipment 9.10;
nonresidential struetures 0.03; residen-
tial structures, —0.03; and inventories,
0.00. (The total, 0.10, presumably
diffarz from their 0.09 becouse of

rounding.) Thus, their entire cutput °

sdjustment stems, om hbalance, from
the use of consumers’ durables prices
to deflate producers’ durables; none of
it results from the legitimate attempt
to adjust eonstroction prices.

VIL The Utilisation Adjustment for Capital and Land

| MORE then Relf of the difference be-
| tween our output per upit of. input
' growth rates in 195062 results from
sn adjustment that Jorgenson .and
Griliches introdunce for changes in utili-
gation of cepital and lend. Ther
genegral ides s that the hours per year
that capital is used have incremsed
secularly, snd that & given percentage
inerease in capital hours per doflar of
capital hes the same effect on oubput
a8 a similar percentege inorease in the
quantity of capital. Their capital utili-
zation adjvsttaemt raises the contribu-
tion of their total input series by 0.60
percentapa points in their full 194565
period and by about 0.58 points in the
195082 parigd® Their method of

M. The 104585 dgure af 000 polnts wea proavided by
Jorperaon mnd Gritieheey; nmrmmmmwmmm
thalr puhiisied Gats.

Thi iterngn growth mate of thelr capdial hﬂlinlhnurhs
ialf was 173 In M52 wnd 100 In 150002 {20 the Rdlow-
Ing text paragyaph } Mukipligadon of thealr 1950-02 mrowth
rata ol 180 by thelr wversee 1995 capdthl-leridt share of
Mz?hm-nmmudmmwumﬂmwmm
pologg

{I: thit parind, tha sambhaes] ebirikadgon of telr aplhl
ntibieadiny wdpaatmant amd the Woor haars. sifurtinest wis
052, ma v eondtbution of e labor Bd]gstment was
appariitly aboot —0.08. T mao Ehia figoes In sentlsn TIIT)
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deriving this adjustment is theoreti-
cally unsound, and the sintistical pro-
cedures they followed to obtsin iheir

estimates ate altogether wntenable. In

my view, their capitel utilization =d-
justment should be discarded. r

Saries for muinwfactu uipmeni

The starting point for the adjustment
wa3 2 seriea contained in & 1062 Supvey
or CusrznrT Boemwess article by
Murray F. Foss [4). Most production
squipment in manufacturing is pawerad
by electric’ motors. Foez used Cansus
data for electric power consumption
abd the homsepower of eleciric motors
to estipate the average nuraber of
hours per year that elastrie-power-
driven equipmént in manufacturing
establichments was utilized. He con--
cluded that ita wtilization increased

by an amount on the order of one~

third to one-hslf from the 1920's ta

the mid-1050's, The dates for which -

he meds actusl caleulations were the
Census years 1929, 1939, and 105¢
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4, table 2, lme 7]. Growth ratea. of
sverage eguipment ‘houwrs caloulated
from his utilization estimatea for thesas
years are —045 from 1928 & 1939,
2,15 from 1039 to 1954, and 1.10 from
1929 to 1954, Jorgenson and Griliches
made s similar comparison of the years
195¢ mnd 1962 [1, table X, line 6]
From 1954 to 1962, the growth rate
was 1.33. Jorgenson and Griliches
used the 1939-5¢ rate for all annual
changes in the 1945-54 period and the
1954-62 rate for all annual changes
after 1954. They thus obtained average
rates of increase in utilization of abous
1.72 for 1945-65 and 1.60 for 1950-62.
. These ratea almn&teu‘b%mmuuh
higher than the trend rste, which js

.what Jorgenson snd Griliches are snek-

ing, or the rate thet would be chtained
if calculations could be made directly
from the terminal years of these periods.
The average rate from the depression
vear 1939 to 1954 muat have heen
greatly raised by the difference in cyeli-
cal position; the rate from 1945 or 1950
to 1854 must have been much smaller
then the rate over the 193954 period.
s5 & whole.® The 1ale ftom 1954, itself
& recession year, to 18962 or 1965
probably was alzo reised by cyclical
influences.™ A mipimal downward ad-
justment of their estimates o eliminete
cyclical incomparability in the pre-1054
pericd could be made by subetituting
the 1820-5¢ rate where they uss the
103854 rate. This would lower the
104565 growth rate of utilization frem
1.72 to 1.22, snd the 1950-82 rats from
1.60 to 1.25. Probably a better pro-
cedure would be to use the 1029-62
rabe, which iz 1.1¢, a5 representative of
the trend throughout tha period, hance
For both the 1946-66 and 105062 pe-
ripds; this would cud their 195062 rats
by more than one-fourth and their

51, Poss himaedl wrote; "I Jact, some of the fllve katkons
n thiy artdole supgast that the wakr chage In mlative
cnnipment allzstion totke pleoe ducfng and fmooed liksly
tiber Wirdd War IL, nod that chanps? slntg fhen {wabde trom
ayndioal Tnramambs) biwd toat, relatively small' (4, o. 6.

B Pacouss Forwenson snd Orillchsd hibepalals babwreen
fap-romgred dates ratler than wse anpusl estimetes, e
capdinl otfHoiten adjustmnent cbv ol ly oot Repart 1o
adfest cnplial Jopul for shoztron vavisiiaye in atiteabloo.
Jorgenaon sod Grilkhes nede Lile and stats Chat it 3 brwa
ey for the krend W the relstlve ueltzalion of oapléad™ [,
- 28] My ehimction to Ebale pitesdurs i the same wiikher
QUK CONMTLTOES Ui Hies a0 rapreseriving e Gand Tate In-
145-85 arvl] 165062 or The netonl chEngys oom 1W6 W 1995
ol Troma 1068 o 1953,
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1045-65 rate even more. Overetatement

" of tha incresse in this seriez from the
abeence of any procedurs to deal with
the cyele i, however, among the laast
of my objections to their uillization ad-
justment, and there is no need to porsue
it further.

A second Uimitation i that the
welghts uzed to consiruct the all-
mapufactiaring utilization series are
ineppropriate for the use to which
Jorgenson and Griliches put it. “Awail-
gbla kilowatt hours of motors” wars
used a3 weighis to combine utilization
retios for the compenent industries in
obtaining the s¥-msnufacturing wtili-
zation series® For use in converting &
series for the value of power-driven
equipment in manufacturing establish-
ments to a capital input servies, the
utilization ratios for all manufacturing
should be hased on the use of the value
of power-driven equipment in each
industry a8 that ipdustry's weight.
This was noted by Foss [4, p. 11] buk
i not mentioned by Jorgenson and
Griliches. A series so constructed is
not availabla far cormoparison, nor ars
the value dais for pawer-driven equip-
ment that its construction would re-
quire. Perhaps the twe seta of weighia
would yield tolersbly similar results;
nt the 2-digit level, Foss finds, with
some excepiions, fair correspondence
between distributions of tetal fized capi-
tal and installed horsepower. Never-
thale.ui, the possibility of appreciable
70T ia present in the manufacturing
series, .

Equipment valves are not available
for mining either, but eimilar utdization
ratios for the five mineral industries
were published separstely by Fose.
Soldy as an illuetrption thet waishts
may matter, I calewdated all-mining
utilization retios with slternative proxies
for capital velues. Use of “available
kilowatt hours" as weights yields & ¢
efcent increase in utilization from
1529 to 1954, wherens use of “electric

6). Foes wnfepa thit stafemanc, which the moder o
ek iy w of Fost's mablgd fr minorsl indoutder H, tubh
&, For wehdeh thi gwotsdars was 2)mainr and for wide indus-
tey daky aro shovm. For minenls iimirisy, Foss 100WS &
Aveindualy bsidown. Th s-Indunry wifizathn rmio
in hiz eplume B b equel 40 the raties far (o dediridual
Indusry groups wekghtad Ty “wralinbhe kowstt boom of
o3 &3 Worant i oldmn 2
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power consumed by motors” would
yield a 16 percent decline. Like tha
manufasturing series, these calenlations
used 1920 weights for 1920 and 1854
weighte {or 1984. I arpue subsaquenthy
that fized weight indexes would be
more appropriate. I celeulated fixed
weight indexes using four alternntive
sote of 1929 weights. Use of ““valus of
machinery esod egquipment - imstalled
during 1929" yieids a 14 percent in-
crease im utilization from 192% to
1954; “pvaileble kilowatt hours of
mobors” 2 12 perceni imcresse; “‘na-
tional income originating,’” & 2 percent
increars; and “elactric power con-
sumed by motors,” s 1 percent decrease.
Probably the first two are better proxies
than the last two Jor equipment values,
but differences are large and investiga-
tion is needed.

In the absence of teste of ita effects,
the inappropriste weightiog of the
manwfecturing equipment series adds
to the reservations about the Jorgenson-
Grilichee use of this series that . is
created by their failure to allow for
cyclical differences. But there is &
fundamental conceptusl objection io
their use of thiz ssries to ndjust capital
input that would remain if walue
weights were used and cyclical adjust-
ments were made. Te develop - this
point, I shell proceed as if this had
been done.

Concepiual blem of incorporating
uﬁlﬁnl:rg;odum

The trend rate of capital utilization
provides interesting irformation. But to
infegrate this informetion into the type
of classification of growth sources that

Jorgenson and Griliches or I employ,

one must know the reqeons that utiliza-
tion inereased and the emount due to
each reason. Even if one knew exaotly
how much utilization had changed, in
the ahsence of thiz additional informa-
tion he still wonild not lenow the amount
of the incresee in ontput that (prior to
any utilization adjustment) is ineluded
in the sontribution of input (ar any
component of input) and the smount
thet is included in the contribution of
cutput per vnit of input. Thie & &
subject that Jorgenson and Griliches do
Dot diseuss at all. However, their pro-
cedares imply that, prior to the intro-
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duction of their ecapital utilization
adjustment, the effects of an increase in
cepital utilization necessarily appear
only in their gutput per unit of input
EeTies.

The average hourz ‘“‘worked™ by
power-driven equipment in romavnufackur-
ing establishmenta (adjusted to elimi-
nate short-term fluctuations) mey
actually change for quite varied reasons,
snd these bave aliogether different
implicetions for the analysis®

1. The effects of some types of
change are fully messured by the
increase in the capital stock, so that
any sadditional sllowance for increased
utihization duplicates the change in the
capital stock measure. Thete types can
be described as chanpes in composition

“of capital, of which thres mam cate-

goTies can be distinguished.

{a) At sny poiot in time, prodvcers
can select smong varieties of equipment
with diferent charsctergstics that sell
at different prices. One chervacteristic
that can be purchased at & higher price
1s greater reliability : longer use without
downtime for ragular maintenancs or
to replace worn-out or defactive com-
ponents or the entire machine If
producsrs shift to higher priced equip-
ment, average ‘‘hours worked” will
increase but so will the capital stock
series, A priori thare ie remson io
suppose that, as eapital hss become
more abundant relative to lubor, the
uss of more expensive equipment huas
baen one wspect of the rising capital-
labor ratic.

{b) At any point in time, different
manufacturing indastries vary in the
bours they use capital. On the assump-
tions thai Jorgenson and Griliches and
T accept, the rata of return, as messured
by the ratio of neb esroings to net
value, is, nevertheless, the same in each
mamifacturing indusiry. If hours in
each industry are unchanged, bug the
weights of the industries alter, the
average hours in manufucturing as a
whole will change but oapital inpnt
should not.

Suppose Industry A and Industry B
sach have $1 roillien of equipment, bué

Bi, Batall of s poaxtblbthes hodd peniered be mo whan 1
distgioed mplial piliiaaion in Why Cresth Rabs Difer (2.
o 1M-155). I wonld now woed Khat soion  somewhal
ilamntly,

55
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Tndustry A operates on thres labor
chiftz, or 120 bourm & week, and
Induatry B on ope shift of 40- hours,
snd capitel is uesad during the same
time periods. Equilibrium requirea the
sgme rate of return in the two indps-
tries; -otherwise, there would be anm
incentive for capital to move from one
industry to the other. If the rate of
roturn iz 10 percent, the product {ee
indiseted by earnings) of the $1 million
of equipment in each industry is
$100,000. The predust of $1 million of
efuipment par hour ¥ i used in a
week must then be three times as high
in Industry B as in Industry A (32,500
against $833.23). This must be the cnse,
or tha rates of return would differ.
If (becomse of chepges in demand
petierns or for other reazons) Industry
B getz higgar relative to Industry A,
average hours worked by equipment in
the two industries combined will de-
cline, whereas if Industry A gets big-
ger average hours will increase, becanse
Jorgenson, and Ghrilichea usa a cepital
utilization series that is constructed
with shifting industry weights. They
would therefore messure the former
development 23 A declina in equipment
input, the Iatter as an increase. This
it & simple “error of sgpregation.” It
results from giving an hour worked by
31 million of equipment in each industry
the same weight.

To lusireie, sappose that in &
sacond - Fear the total value of egquip-
ment is 32,000,000, as belore, but
Indusiry A now has $1,500000 and
Indusiry B #5300.000. Based on the use
of capital stock to measure input,
without a utilization adjustment, the
contributipn of equipment to ountput
{ih firsi-yesr values) remains $200,000;
only the division between industries
has chonged—to $150,000 in Industry
A and 350,000 in Industry B. This
correoh result sould alse be obinined
by correstly weighting hours: The
valte of equipment {(in millions) in
ench industry is multiplied by average
weekly hours, and the contribution to
output of an hour worked by $1 million
of equipment js counted as $833.33 m
Industry A and 32,500 in Industry B.
In Industry A, equipment value times
hours increased from 120 to 180;
multiplication by $833.33 yields an

s
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ingease in equipment’s contribution
from £100,000 to $150,000: In Indysiry
B, equipment value times hours droppad
from 40 o 20; multiplication by 52,500
vields a2 drop in the conéribution of
equipment from $100,000 to $50,000,
The totol contribukon of equipment ot
first-year valnes is again 3200000 in
both, years. :

In this exzample, the Jorgenson-
Griliches procedure would erroneocusly
yield nn inerease in equipment inpul
of 25 percent, instesd of mo change,
hacausze it asmgne equal weight to an
heour worked in each. induséry.

Fose hos investipaied the effects of
chenges in industry weights in selscted
periodz and eoncludad thot the changs
in the al-mapufacturivg utilizetion
ratic he ohssrved chiefly reflected
changes in individual induetries rether
than in industry mix,- elthough he did
note that there probably wae o shift
toward continuous prosess manufac-
turing industrigs, perticulerly alomi-
num, refined petralenm, and chemicals

{c) At any point in time, the number
of hours that different types of aguip-
ment are used waries widely within
any establishment, firm, or industry.
K the compoesition of assets changes,
the average hours worked by all
combinad will rise er fall aven though
there is no change for any porticnlar
type. The howrs for the same type of
equipment may alsp vary among uses,
end this distribuiion may change over
time, These cases are identical to that
disgussed in (b). Greater use does not
imply larger esrnings per dollar of
oapital value. Twe machines of different
types {or of the same sype in different
uses) must be sssumed fo contribute
equal amounts te production per dollar
of value, not per dollar of value mutli-
plied by hours warked. If this ssaump-
tion iz invalid, rates of return vary
and the economic unit is not . eguilib-
rium. The sensitivity of & conglomerate
sverage-hourswor! ed series to changes

“in weights of different types of ma-

ohines, and to changes in weighis of
diffsrent uses of machines, must be
high beceuse the ranga of howrs is
large. Shifts of this type could well
dominate the long-term movement of
“pverage hours” szeries for individual
firms, establishments, and industries.
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Unless & oapital utilizetion series

'van be standerdized o eliminate. the

effects of oll three typea of “mix"
changes, it is useless for the purpose
to which Jorgensen and Grilickes put
it. ] cennot imogine how such stendardi-
zation could be achisved. But even if
it could, this would swrmount ¢nly cne
of the diffieultiss. _

2, The emount of downtime of ma-
chines depends in part on the number
of workers who operste ther: (which
affects, among other things, the speed
of machine operstion), their skill, and
the ¢are they exercise. It depands alsc
upor the number and skill of the
warkers who repeir machines. The skill
of engineers and others employed by
equipment suppliers {o servics custom-
ors is often a crucial determoinant of the
smount of time lost from brealkdowns.
If machine hours incresse bacanse of an
inereass in the quantity or an improve-
ment in the quelity of labor, this is
slready counted in principle, and one
hope= in practice, az a contribution of
labor.

3. The smount of downtime depends
in part on expenditures for mminbe-
nance. A firm presumably attempts to
alloeste expendifures among muinte-
nanee, purchases of naw capital goods
for replacement, and production Tahor
in such & way s to minimize total eost.
Mzintenanes -axpenditures may changse
becanse the price of maintenence
changes relative to prices of ecapital
goods and production workers; in this
case, thers is no ascertainable contribu-
tion to growth. Maintenance expendi-
tures may el=6 change because manage-
ment devises a better procedure to
determine the minimum coat combina-
tion. Tf ther increase for this reasom,
only the wet bonefit remaining after
deducting the incresse in maintenance
coste from the saving in capital and
labor ensts eontributes to an ineresse in
output.® Classification of any net bene-
fit is discussed n case 7 below.

1. Downtime depends in pert on the
inventory of spare parts; any change is
slready covered &8s s contibubion of

5= Orndicts curtpni 48 measoned oo the Seandlavien “gras-
wrod-prodost™ heaks, which doubls connis mabemence 58
will i capdial copmmopkic.
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inventories. It - depends also on the moare continuouz use of machines. Foss 8a 1 measurs it, and as Jorgenson and

speed with which parts and servicemen
con be obtained; this, in turn, depends
on capital and ln]:mr in the trensporte-
tion industries, which are already
counted -ag capital and labor input.®

3. The boura that machines are used
may change beczuse of a change in the
average hours worked per worker; in
my study I allow, in principle, for this
effect in my &djustment of labor mput
for changes in labor hours of full-time
workers [2, p. 61, n. 11]. (I found no
gignificent chenge in labor hours of
fell-time workers in the economy a5 a
whole over the period analyzed so
this case did not a.ctunlly affect my
egtimates.}

6. Machine hours mey also change
because ehift w::rlc becomes more or
loss prevalent in perticder colivities.
In my estimates, such a development
was regarded a5 2 component source
of the change in output per unit of
inpui [2, pp. 152-154, 173-174), and in
my international comparisons, I made
a specific estimate for this determinent,
However, I found no evidenca of a
sigpificant chenge in shift work in the
Thited States in 1950-62, and therafore
estimated the conttibution of changes
in shift work to be zaro (3, pp. 152-
154, 173-174).

7. The hours worked by machines
may rise, or in sore ceaes full, because
of advances of Enowledge and its dis
pergion. These muy:

{a) Provide more relisble machines
without inereasing their cost—sa devel-
cpment varioualy described az ‘‘un-
measured” quality chenge in cepital
goods or “embodied” technical progress.
(In practice, “measured”’ quslity change
covered in case 1{a} above and "un-
messured” quality change ars often
intertwined.)

(b) Epable management to make

M. Parta of polots 2 ta 4 A vlosly Slogtrated by ou
adwertising litar that happenad to roach 6 a3 I wad wriking
this neciion, T shaba;

“Are yom awide thet the . . . Corporcation it i e
paat Flbotn. hers oan provlding pesteative snd oovrestirs
Tmhnivnencs t0 & growiong oomber §f manofuctucers ond
meary of shictrimin sd ledtomchinbes] Qeyiel

Moor exparkenee in pariorming both achedulsd ood
Emargenty servie (HDpind Uy (ectory-Walaed person-
e, Lineal of eeiring of repinrerment pacts, and qulck raf-imnde
0 energenoy orle} wlime to dooreve st apammtlan In
tarms of bewar dewnedime” s higher ralinhilbcy. ™
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writes:

“Aleo of importanca over the long run
has been the sdvance in knowledge
acquired by management in making
more efficient use of machines. One
exarnple of this hes been the efforts
by many firas to smooth out within
the year the production peaks which
comé from sessonal or other short-
lived pesk loads mnd which fre-
quently entail the use of standby
equipment with relatively low annual
utilization. . . . Within particular
industries there have undounbtedly
besn efforts to introduce continuous,
automatie operations in which mae
ghines fond {o be used with o high
degree of intensity.”

{c} Improve communications and
apeed transportation of parts snd of
koy personnel needed for repsirs, nota-
bly by eir. .

{d) Improve the decisionmalmg
process gemerally—notebly with re-
spect to determination of the frade-off
asmong costs inouwrred for maintenanca,
replacement, downtime, speed of oper-
ating machines, waste of materials,
and quelity of product.

This list of possible reasons for
changes in average machine hours may
not be exhaustive, But it suffices to
make clear that, unless the reasons for
ohenges in capital utilization are known
and their affects can be isolated and
guantified, data on capital ulilization
cannot be integroted mto a classifics-
tisn of growth sources of the type
Jorgenson and Griliches and I wse, Tt
is possible that the sntire change indi-
cated by the Jorgenson-Grilickes series
i alrendy reflected in capital and labor
input or counterbslanced by higher
mamtenance gosts, and is not a com-
porent of the Jorgenson-Griliches out-
put pervnib of Input series prior 3o their
utilization adjoustment, or of my series.
Or any or all of it may be a companent.
Jorgenson and Griliches never mention,
and appear unswere of, the rangs of
possibilitios.

Among the possible reasons for an
inarease in oepital hours that I hawe
listed, two would or might sontribute
to & change in output per unit of input

SURVEY OF CURRENT BUSINESS

Griliches do prior to mbroduction of
their utilization adjustment. The effects
of one of these, changes in shift werk
in particulsr activities, I sstimated [2,
pp- 152-154] to ba zere in the economy
ns o whole in 1950-82, though ad-
mittedly on the basis of inadequate
information; better data may permit
more relisble estimation in future
yaars, The other iz ndvances in knowl-
edge ond their dispersion. There is no
clear presumption that these led to an
ingroase in the hours that capital goods
arg utilized or that, if they did, the net
saving in unit costs bore any systematic
relationship fo the change in machine
hours. But if there was such an effeat,
it appears in tha “sdvences of knowl-
etlgs” component of my oulput per
unit of input series. I see soant possi-
bility that if will ever be possible to
isolate this effect.

Ii one could isolate and measure
this effect and the shift-work effect,
one would have a choice of transferring
them to the contribution of capital
{evidently the Jorgensop-Giriliches pref-
orence) or of classifying them as
component sources of the growih of
output per unit of joput. The latier
would be my preference because it is
not the savingipvestment process that
governs thess income deteroinants [2,
p. 144], and I shall say a little more
about this at the end of this asrticle.
But it would really male little dilfar-
snce to the scphisticated readsr whera
they were shown because he could move
them st will.

The Jorgenaon-Griliches estimates

The Jergenson-Oriliches estimates
implicitly assume (1) that the utilize-
tion series would be unchamged if
weighted by value of power-driven
mackinery and (2) that the entire
effecé of incressed ufibzation appenrs
in their produetivity measure untl
they make their utilization adjusitnent,
hones that sndy sdvances in knowladge
and changes in shift work wnfhin -
duelries offected utilizaticn of manu-
facturing equipment drven by eleetric
motors. Since they do not diminish the
growth of their capital stock series by
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shortening sexvice lives as they increase
capital ufilfzation, they also assume
{3} that increased uiilization does not
cause equipment te wear ous more
rapidly. (If there iz suck a user coss,
the utilization adjustment duplicates
their original estimate of the contribu-
tion of capital for this reasen.)

I know of no renson o accept this zat
of assumptons. But it is instructive to
calculaie what the quantitativa impor-
tance of the charppe in utilization of
power-driven squipment in manufactuy-
ing would be if by chence all these
assumpions were correct, First, the
weight iz total input must be caleulated.
All novresidential structures and equip-
ment reprasanted 13.8 percent of ¢otal
imput in the private domestic economy
in 195062, according to my vet earn-
ingm weighte. A# producers’ durebles in
manufacturing  establishments repre-
sented about 14 percens of the value of
the total stock of private nonresidential
structures sand equipment, hence 1.9
percent of total input. Machinery in
manufaoturing establishments driven
by electrio motors represented at the
oytside 70 percent of the valus of the
stock of producers’ durables in manu-
facturing establishments in 1950-62,
hence ab mast 1.4 parcent of total inpat.
If the utilization of such machinery ip-
creased 1.16 percent & year {the fizure
I snpgested carlier as the trend rate of
tha utEhization sevies), and if an increasa
in utilization is treated {as Jorgenson
end Griliehes do treat it) ss squivalent
to the same percentage inevense in the

quantiiy of such equipment, this raisss

the growtk rate of total input (net
product basis) in the privats domestic
sconomy by 0.016 percentage points
(1.4 percent of 1.16 percont) and lowers
that of vutput per unit of input by the
same amount. This wonld be my sati-
mate if 1 wara to acespt the Jorganson-
Griliches utilization estimates and their
three jmplicit sssumptions mentioned
in the preceding paragraph- (which, of
coirss, I do unst). Even with the
Jorgenson-Grilichas utilization increasa
of 1.60 parcent a year, the eontribution
i= only 0.022 percentage points in
1950-62. If, as in tha Jorgenson-
Griliches estimotes, depreciastion is
added to the weights, the calculated
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contribution to gross product growth
would probably come up o 0.03;

How do Jorgenson snd Giiliches gat
from 0.03 to 0.587 By introducing the
rory strong esstmpion’t (fheir lan-
gnage) that utilization of elf types of
capital and land in all activities in-
creased ai the same rate sz did ma-
chinery It manufacturing establish-
ments drven by electzic motora! This
asaumption 3 not only. “very strong’”;
it is truly magnificent in its implavsi-
Gility. Utilizaiton of structures, sites,
forniture, and office equipment in
manufacturing, of office buildings, of
physicians’ auntompbiles, of hovses and
ther sites, of railroad stations, of
faricland (have the seasons changed?),
of inventorise (whelever {his may
mean), - of literally everything has
increased, end at the same rate es
meachinery driven by electric molors in
manufacturing establishments!

If one is willtng to assume that the
_change in mechinery hours in menufac-
turing wea due only to wdvances in
knowledge and chenges in ehift work
within industries, he might perhaps, [
gupposs, go oven further and assumae
there was some net increase in marhinery
hours guiside manufacturing after 1950,
and thus raise tha figure darived from
the manufactaring seriez s liitle Foss
found some examples of machinary in
nonmanufacturing industries in which
utilization increased from the 1920% to
the 1950°'= as well as some where it did
not. For exampls, int two of five mining
industries, utilization of power-drivan
equipmeant ineregsed from 1928 to 19454
while in three it declined, although it
should he noted again that these years
are not cyclically comparable® Loco-
rmotive use increased while freight car
use decrensed. Utilization in electsic
utilities increased from the lnte 1930°s
to 1848, but not from 1943 to 1953, And
3¢ on. But even doubling the menufac-
turing figure would yield no more than
0.06 points in their gross produst growth
rete. Jorgenson and QGriliches have
applied the increass in utilization net

BT, Tha Foes seriet for =it miveral industeles cpea (hat i3
10200 poath ke B dmly 07 o8 sompared with 110 for
madnictaring) teeamiw of & vory shacp drekto I nonmoekal
sining, which meslies & Tthe ety weighl (20 perent of
e takal in 1999 and 2T In 1456 bathd on dvallable Elowatt
Lours of Tackors.
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only to all machinery bué to all other
typas of capital and to Iand. Bince all
oapital and land received 36.2 parcant
of their total input weight (inclusive of
deprecistion as well as indirect taxes),
this raised the coniribution of the uiili-
zatipn adjustment from €.03 to 0.58
{36 2 percent of 1L80). .

The conclusion to be drawn from the
preceding discussion—it seems 10 me
inescapable—is that the Jorgenson-
Griliches utilization wdjustment must
be rejecied.

After this summation, it may seem
superfluou:  tc mention thet the
Jorgenson-Giriliches  procedures  alse
contein en important inconsistency.
Houses and amites repressnt a huge
part of tha stock of capital snd land,
and much of the capital utilization
adjustment reflects the assumption
that the hoors houses are used have
incressed. Even if Jorgenson snd
Griliches were right to sssume thst
people have been spending sn increas-
ing smount of time in their houees,
per dollar value in constant prices
of hovse, this wounld not affect ther
output measure becsusze {(fortunstaly)
OBE does not edjust it deflated
consummer expenditire series for housing
to sallow for the supposed ineraased
utilizagion, end Jorgenson and Griliches
tdo not adjust the OBE =zeries on this
sccount. Hence, Jorgensen  and
Griliches are grithmaticelly wrong to
subtract the utilization adjustment
for residential structures and the resi-
dentisl portion of their land joput from
the growth of productivity.®

54, Lk awe strexm that my critisece of ths Forganeon-
Grilichey vidlieadon adfuotment do mok adiend 1o Fhe artloie
by Foes, whish I hawes pridted b peint an zaveral pecadions.
Hor do T o 9 oy tha aie end mlbevanes ko growth
ey of sarjea of the Cype that Foss prapared or powrac-
driven eqtlifmant in st arng and miomg industries
&aigd & Ry othar kypes of dued caplial oo it might be
proparsd R wdcislousl types, Indaad, ke Forganwt 20d
Qrfikshes, Tatonld by wary ghod bo 326 Tach 3todles sxtendad.
T bealbers Fuas v comroct (o sgyeating W, 7. 10] tholr g
tance Bor aoalyls of iong-<amm chenges e pikal-on pak
rakios. Btadiog of ohift work wouMl b mmsdintelr dR¥ol.
Mo ganailly, ke bk thst saplond wtlikzation wetes do ot
el Bt Joba tha ypen ol clarslfronbied dinciuatd by Ehin srt ke
thoas o LEAELY that owe cATHE ML Sibore e Fetation-
zhipr boborsen changes o caplie] Wilizalion asd scomoais
Eowih, Them may be & valki analogy with siodles, obri-
oualy vulanhis, of tpoh qosations o3~ oo Good Lrwnspor o
thon mifect growth?™ o " How 08 likgh wrages o the tolted
Sinied pfmt Amecdeag aa somperad-with Earopean growkh
o the pinstssath condary?t' e of Choss qoertiond, boo,
@6 ok yhele] wiculia that Be Iato te typo of clessifeation af
ATwih goiaroes ¢hat in seamined b
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- VIIL. The Measuressent of Labor Input

JORGENSON and Griliches and 1
measure labor mput in ways that are
gmilar in spirit and geoeral approsch.
Both our input series take into account
smployment; hours worked, with an
allowance for a productivity offeat as
hours chenge; and the education of
the lakor force. My series allows, in
addition, for changes in the distrdbution
of totel hoors worked smong ape-sex
groups wheress theirs does net, but
Jorgenson and Griliches apree that this
should be done [1, p. 269].** Thus a
eomperison dose not raise major con-
ceptual issues,

However, the data and procedures
we actually nze to measure labor input
differ at almost every step, and it is
necessary to consider whether this
introduces & difference into our esti-
mates of productvity change. My
conclusion is thet our labor input sexies
sre in rather olose exrecment with
rezpect to the comumon elements of
our estimates, after allowance for 1y
inchidion of government employess.™
Thelr omission of en age-sex measure
contributes to thebr higher estimate of
the growth of cutput per unit of input.

Employment, hours, and education

Because of a difference in classifice-
tion with Teapect to employment and
hours effects, it is deeirsbie to combine
the two for comparison, It is alse neces-
sary o build up » comparison in several
paris.

My smployment sariee is based on
bhousebold survey data from  the

9. Ty ali 365 thet the lbr inpul serles shanld, In
addition, ba standardiesd by sooupation wnd jodotry. In
F Thrw, khis 14 o conoapianl arror, ot eloes Gy 360 o0 Je
this, ng batwwat our it boutes: by introdoced.

B0, T ndjcod For the Alfaren e i the eoops of oy eaploy-
rent sakimatss, § ofe ODE deta for genaral gorernxrenk

aiiinent, ‘Thin 15 approprists eesuse G dits e

eonabstyt with th porersanant peoduct dats oeed in Bection
I shove to reconch produdklrity wtimiies, The difsrencs
o tha oD of or ettimates cane Littls difsonity n aom-
paring cther sompoints & gar lebor Inpast fackes beciied,
with unlorportant scoapiiopn, we el aysms Chat chorpan
rn. L 2RI B0 bodal Trivibs employment as for tatal elvilen
smnplosrinent.
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Monthly Report on the Laebor Force.
dorpensen and Griliches rely on the
OBE series for parsons engaged in pro-
duction, which is the sum of its full-
time equivalant employess and active
proprietors of unincorporated enter-
prises. This series is mainly conatructed
from ezteblishment reports.

I have attempied to compare daia
from the two sources st tha nll-civilian-
employment level to try to determine
whether movements of the two seriss
are statistically consistent from 1950 to
1962. My serien for civilisn smplovment
haa a 195062 growth rate of 1.03.7 To
obtain a conceptually similar séries for
comparisen, I atart with OBE series on
persone engaged in production, exclud-
ing militery employment; substitute the
OBE series for full-tine and pari-time
employees for full-time aquivajent em-
plovees; add my estimaies for unpajd
fomily workers; and adjvst the 1062
figure to exclude Aleska snd Hawsait by
application of a 1080 overlap ratio. The
resnlting series has a 1950-82 growth
rale of 1.00. For this timespan, the
statictical differance between MRLF and
OBE data would, by thiz test, maks the
Jorgenson-Uriliches employment series
grow 0.03 less than mine However,
Jorgenson and Griliches omit wnpeid
family workers. The 1950-62 growth
rate of their employment series foy
private industries would be lowared by
0.06 if my estimates for unpaid family
workers were sdded to their estimates.
Tha two differences itopather weould
meka their series grow 0.03 more than
mine.

We each estimate the effect of changes
in hoirs worked by measuring changes
in average hours, and allowing for
productivity offsst os hours of full-
time workers decline. For civilisn
workers, my resulting eseriem for the
effect of chenges in hours upon the work

6L Cgmpuied keom 2, tahiley 514, 810, HD, ard €L
T my ekthiantes, all baried ars linlead at 1960 to alminets tha
offent of sl kg Alnries and Faail b coaris of tho duts.
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done in a year of employment has »
growth rate of —0.25 from 1950 to 1962
2, teble 66, and an adjusiment to
axclude military personnal]. This fipura
in¢ludes the effect of a major increase
in part-time employment; in isct, it
mginly reflasts the effect on hours of an
increasing part-time component of am-
ployment, az distinguished from changes
in hours of full-time workers. Two
figures from the Jorgenson-Griliches
estimates must he combined for com-
parison. Their series for the effect of
hours on the work done in & year of
Jull-time employment has a growth rate
of sbout —0.09 from 1950 to 1962.%
The incresse in part-time work is re-
flected in the employment component
of the Jorgenson-Griliches labor input
geries becanse their employment series
is computed on a full-time equivalent
basis. The 1950-62 growth rate of the
OBE persons engaged saries for private
industries iz lower by 0.28 than that of
an otherwize dmilar series in which the
OBE series for full-time and part-time
employess is subsfituied for full-tima
equivalent employees. Thus, the com-
bined effect of changes in full-time
hours and inareased part-lime amploy-
ment on the Jorgenson-Griliches lebor
input seriee is —0.32 {(~0.080 plus
—0.23), which ecompares with my
—0.25. When the differanca of —0.07
is added to the (.03 difference in the
employment growth raies, it appears
that the difference between our am-
ployment and hours series makes their
labor input serips grow 0.04 pointe less
than mine Based on their 1950-62
averaga labor share, this would make
their estimate of the comfribution of
total input 0.03 points lower, and of
ountput per unit of input 0.03 higher,
than use of my series ¥

#2. In footnots 80, I caloulubed (hns Eholr howmaa/opment
Inr dabar imontted b —D.0% polats in the growkh
rate of total lupuk. Dhrbion of this amroink by teie aviraps
18007 Whers of 0:839 i 1950-62 Y003 ~L0F

02 T have ot teatnted the offant of one of tlr Drossdures
i this reconcllioden of aor esimates: Although unpsid
By workes ame erohaded frEn the Jorproson- Grilkches
tmployment pertea, they do sflect tolel lnber foput vis
the booyoe sstimuted. Jorpauson sl (2nilichas nésem me that
they oiiained averwpe hours iy dviding the BLS rstaivh-
rant-Bassd ks for total Tanhocns wvetiesd 1n U privsts
sconamvy (Which Tusttrden wnpald fanadly workers} by peraons
tngaped In prodoction (which 4acludes anpait lmlly
werkars). Hencs, the decline It (3a razln of papakd Sarmdly
=orkars to total emplayment pracmably bt the de-
alivd 1o Dhalr svoroes hours Seried, Thie Tedioted the growth
12 ks inpat lnsotar as It was net affsat by thelr efieianey
npueptic sk,
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We each estimate the effect of the
tise in aducation upon the quality of
lsbor. The growth rate of my “aduca-
tion quality” series for rdivilian em-
playment is 0.75 [2, tebla 8-5]. Despite
procadural difsrences, their rete is
alzo 0.75 {computed from 1, table VII].
Nop diserepansy in our laber input series
iz introduced by education.

Age-sex cornposition
My “quality index'™ for changes in

IK.Sunha:y o

AN approximsate recoorilistion of ocur
outpu{ per unit of input estimaies can
now be compiled. It is provided in
table 1.

The initial difference between our
estimetes i3 127 perceantage pointa
(line 3). When my estimates are ad-
Jjusied to conform to the definmition and
acops of outpoé used by Jorgenson and
Griliches, and their estimates are ad-
justed o my time period, the dif-
farence is reduced to 1.08 (line 6). If my
estimates are sdjusted to incorporate
revised OBE date for the stock of non-
residential structures and equipment,
inclading use of the OBE Dwaflation IIL
seriea for nonresidential structures, the
difference batween us v widened to
1.12 percentage pointa {lins 9).

I found only one siznificent differ-
ence in our classifications of growth
sources, as batween input and output
per unit of inpui. My input series is
brosder in that it includes the effect on
labor ““quality’ of shifts in the sge-zex
composition of hows worked, whersas
such shifts oifect the Jorgenson-
Griliches series for cutput per unit of
inppt. This source mnde o negotive
contribution to growth in 1950-82, so
that adjnstment of their output per
unit of input series to my clagsification
norrows the difference batween us from
1.12 to 1.01 percantage points (lina 12).

The remaining 1.01 points, which
are divided among components in lines
13 to 20, resull from differences in
statistical provedutas. These are of two
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the age snd sex composition of hours

wotlced by dvilian employees has e

~0.15 growth rats from 1950 to 1962

[2, table 7-7, and an adjustment to

exclude military personned]. Jorgeneon
and Grilichas omit this Jabor character-
istic from their messure. Based on their
aversge 1950482 lahor share, the smis-
gion causes their total inpot series to
grow 0.11 points more than mine from
1950 to 1082, and their cutpui per
umit of input ssries .11 poinés lass,

Statistical Review

types: differences in weights and dii-
ferences in input messures,
Not all of the difference betwesn our

Table 1.—Recongliation of Denlsen and Jox

My 0085

weights is relevant here; the porion

‘that is due .to inclusion by Jorgenson

and Qriliches of daprecistion and the
portion that is dus to their exclumion
of povernment snd the internatiomal
sector are relsted to the diference im
output measures, and their effacts
were praviously eliminafed in moving
from line 3 to line 6. (There is one
axception: The eaffsct on the capital
utilizetion adjustment of including de-
pracistion in the weights was not
eliminated end iz included in the effect
of the capital utilization adjustment in
line 18.)

The division of the 1.0k poingz in
lines 13 to 20 is, in principle, that
which results from firat measuring the
efiect upon my series of anbetituting
their waight= fox nine nnd then messyr-
ing the effects of substituting their

Eatimates of the Growth

gensnnalsriliohesn
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jinput ‘measures for mine when their
waighte are used; the breakdown would
be different if t.he order wera reversed.
Two depsrtures from this - principle
" should be noted. The effect of a differ-
ent allocation of toial net capital-dand
sarnings among components, the prin-
cipal subject of section IV, waz not
measured and is included in “other
differences" in line 20, Also, the effact
of using different capitel stock series
{or a different method in the cese of
dwellings)} eould be measared only with
the nee of my weights (lines 14, 15, 14),
wnid the difference betwean Ehese ro-
silts and those that would be ohtained
with their waights is also -included in
*pther differences” in ling 20.

Tha difference batween us of 1.01
points shown in line 12 would be 1.04
ware it not for B small ofiset (line 19
flowing from s difference m our esti-
mates of employment and hours, which
I did not evaluate. I have presented
what I repard as compelling reasons o
cengider each of their proeedures that
contributes to thiz discrepancy as

EUB‘P'ET OF CURRENT BUSINESS

inferior, Nothing .in their -articla sug-
E=si3 t¢ me a change in my estimaies.
Wall ovar half of the entira statistical
diference stems from the Jorgenson-
Griliches utilization adjustment for
capital and {and (line 18). If incressed
utilization of sapital and land resulting
from advances in knowladge had reslly
contributed 0.53 percentage pointa to
tha growth rete, then this amount wouald
be tegarded ms due to classification
rather than to atatistical procedure, T
have stressed my reasons for coneluding
that this is not the case. Althongh the
partion of the total gains from advances
in knowledea that is transmittad to
bigher productivity by the mechanism
of lengtheming capital hours simply
canmot ba estimsted from awvailable
information, an amount larger than,
sgy, (.02 or 0,03 poinis in the 195042
growth rate seems improbable. I there-
fore classify the Jorgenson-Griliches
utilization adjustment of 0.58 as result-
ing from diffarences in statistical pros
cedura rather than in classification.

X. Some General Observations

JORGENSON end Grilichas draw
certain ¢onclusions from their results
that I believe to be unsupported and
unsupportable,

. To introduce this discussion, let me
first recall that, in the framework of
Iny estimates, output per unit of input
in the private domestic economy may
rise, or full if changes are advezrse, for
eny of & large number of ressoms.
Seven are parhnps worth bisting. Having
concluded that Jorgenson snd Griliches
d6 not have o broader olassification of
inputs than mine, I ¢onsider that all
apply equelly to their estimates.

1. Advancesin tachnical, mansagerial,
and crganizetionel lknowledge permit
mora gutpit to he obtained with a
given quantity of inputs, The gains
may take the form of making possible
production of more efficient capital
goods &t the same cost (resuléng in
“embodied” technological progress} or
they may take any other form. Ad-
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vanoes in kmowledma, whether trans-
mitted through improvements in aspital
goods or nod, may result from axpensive
resgarch at one extreme or from com-
pletaly oost-free mccidents] discoveries
at tha ather. _

2. Enowledge may bescine more
quickly or widely dispersed.

2. Expansion of markets may permit
aconomiesz of scals,

4. The allocation of resourees muy
move closer to the aHocation that
would maximize sutput. Allocation has
a myriad of aspects ranging from the
distribution of total resources among
indugtries, products, and firms of differ-
ent gize to the placement of aach
individual worker in the pariioular job
in which his eontribution is greatest.

5. Obetacles deliberately imposed by
governments, business, or labor unions
against the most efflgient utilization of
resources in the vse to which they sre
put may wealen.

SURVEY OF CURRENT BUSINESE
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6. The adequacy of povernment serv-
ices (roads, police, courts, stc} that
affect private productivity may change.

7. The intensity of utilization of
resources mey change cyclicslly with -
variatiops in the pressura of demand
[2, pp. 273-277, 441—442]. T try to
eliminate the effects in prezenting ‘'ad-
justed” prowth rates of output per
unit of input.}

My statistical estimates of output
per unit of input may also rise or fall
becouse my measures of input are
incomplete (for exemple, I could not
measure how hard people work) or
inaxact. In presenting my estimates, I
have always tried fo stress the limite-
tions of informetion and technique,
andl the faci: that one cannot proceed
with growth snalysis without intredue-
ing spme amumptions. He can only &y
to adopt assumptions thet sre as realis-
fic as he can meke them. In this
arficls, I have considarsd only diffet-
ences betwesn the Jorgensen-Griliches
techniques, data, and assumptions and
my owrt. I have not considered the
limitaHons of techniques and assump-
tighs Ehat we share.

Interpretution of Jorgenson-Griliches
resilta

Jorgenson and Griliche: introdues
their article by stating that ite purpose
is to test the hypothesis that “‘if res]
product and real factor input ave acon-
rately accounted for, the observed
growth in total fastor productivity ie
pegligibde.”’ [1, p. 249] Their amall esti-
mate of the rise in totel output per
unit of input leads them to “concluda
that our hypothesis iz congistent with
the facts.”” From this conclusion, they
draw sweeping inferemces. My conclu.
sion is that they obtain their strikingly
fow estimata of productivity growth not
by aliminating errors made in other
research bui by introducing new errors
of their own. If 20, the infarences they
draw from this finding sre alas wrong.

I have stressed that the determinents
of changes in patput per unit of input
pre the samea for the Jorgenzon-Griliches
aeries as for mine® I am unable to find
anything in their procedures that would
have the effect of reciassifying a growth

. Exoepé that thay 360 Inelos chacges 1 Jabor quanty
dus 1o chavebid 171 bge-pae sampeallion,

61
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source that J consider to he a campo-
nent of oiput per wnit of input inéo a
component of input except their wholly
unwarrented capital ntfization adjust-
ment, Nevertheless, their rheoreticsl
discussion suggests that Jorgenson end
Griliches would lika to reclassify growth
sources from productivity to input.
Scome Teaders of their article have sup-
posed thei they have setually doxe so;
thiz is wndestandable because Jorgen-
son and Griliches are not very clear on
this matter.

Their discussion [1, p. 280] of “vin-
tages” of capitel goods is Iikely to
midlesd the uwnwery resder. This dis-
cussion iz concerned with the fact that
the design of capital goods improves s
tizne pasass. For this reason, an invest-
ment of o given sum this yesr buys a
bundle of capitnl goods that is more
productive then the bundle that eould
have been purchased this yesr with the
same sum of money if capital goods of
designs knowa 10 or 20 years ago wers
now being produaced end were the only
types known and available.

Jorganzon und Griliches indicate that,
o ageregate capitel 2oods in the capital
sbock, they would like to trest capital
goods of differenit vintages as different
commodities and weight them by their
marginal producis at & sommon deés,
rather than weight them by their cosis
i o common date a3 is the gensral
practice in existing capital stock series.
This procedure would he equivalant
to adjusting existing capital stock

B Forgamuon and Gefllahod treidd Hiew to gllans for “n-
vt quedjiy changs” of capital pogde in compoting the
owd Inwesbimt colmponetib of GIVE sl oautami Drives s
el nt ha conpeting sapdial stegk series. Thia woold oot
plfect e amoont el from G P par welf of nguab™
10 fRpuk as embodied. teshrlion] Progresy,™ it b rxtaing the
goowth rata of groes produst, i would offeat to Some dogree
the pelustion of e prduoticity s ewersr, theey
paimig shonld ha notad. (1) The addidon to prowil of GNP
par anit of inpot world tend fo bé mueh sokler, oo the
ToiCEs, bhas the Seduction begss the raljo of gros fxad
ntekment tq GNP b moch smaler than Ghe Tloed
inshiitriont sheara of gross shdaiog), Epdeadly when the lattar
Toioeded Incdioec? tond. {8es 1, p. 262] (2) In sn soelpein of
ot prodmod Frowth, most of fhe sd@bon to DrodostiTicr
fbut ot of e smblracbon) woul! dig:ppey banano the
e in they prownihy rabe of gram sadpmt In constan® prides
woK bd aceompaniad BF 1 obtmeapoaditg loeress In the
ety maty of dpreciniion in conatane prios, (3 The rekative
aize of the positivs and negstive sd]oromects to ENE per
onlt of fiput woald shange Lam tina to K wolegs {a) the
yate of Vonveekegad aalcy improvsmant Wi cobstank
aweT & long parlod {from the otalbtion dob of e gidast
coTital In the sboole whien oiput ix Arsk meseoed o che
Iuit dubd thet mipot bn nessnid) wnd (b)) chacge 1o s
whate of fined {aveskment e outpot peadobroiced wiih
eivanges i s abars of o Lrrertmend o sarmii 1N Sgoms
Ty Fpeeinl way,

- :
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series {o reflect ‘‘unmeasprad” quality
change; “unmeasured™ quality change
in the capital stock is defined as the
difference in movement batween a
capital stock series comstructed by
weighting components by . marginal
products and & series in which eosts are
used as weights [2, pp. 184-135,
144-145]. The coniribudon of “un-
mepsured” guelity change to growth
is “embodied technical progress.”” Thus,
the procedure Jorgenson and Griliches
regommend would have the effact of
tesnsferring “embodied technical prog-
ress”’ from the productivity to tha
input measure.*

Tt ie diffieult to read their ariicle
without supposing that thay actually
do mske such a transfer But they
stop shert of making this elaim explicit.
In actual fact, I find nothing in their
procedures that has the effect of ad-
jusiing ecepital imput for the type of
quality chapge that is not reflected in
eost differences at o common date, and
thus of “'embodying” technical progresa
{nor am I awere of noy statistical
procedure that eould be introduced to
do this). T have taken paine to point
out thai neither their price substitutions
nor their use of a fast depreciation
{replaciment) formula in measuring
capital stock has any such effect.

It should slse be noted that a dis-
tinotion they introduce between cozily
and “costless™ advances in “applied
tachnolopy, managerial efficiency, and
industrial orpanization” [1, p. 250]
plays no role in their estimating pro-
cedure. They doc Dot cepitalize the
costs or benefits of ressaroh and devel-
opment, of reallocation of labar, or of
any other action that would contribnte
to an increass in gutput per unit. Thus,
thay have transterred none of the gains
frem costiy remearch or from ofher
expenditures or costly aotions out of
their estimates of cutput per unit of
input.

Given the characteristics of their pro-
ductivity estimates that [ have
deseribed, how iz one to interpret the

86 Thele Ioodnots 1 on p. 34, does mol oonlredlst this It
Mrely sioted thal they do ot meesurs emhodied fechnicsl
Tragraks lo mich o Wy it to Heakos Thi chinge In cutpat pit
et of Inpot gape by defpgdtbon. Thelk cteote 1, p. TH,
Toiepg to EreoiE Io capilal gooda priess, which they tor to
correet, B3 "WAKE0dN ko Wiobiodied techadenl chatipe."

SURYEY OF CURRENT RUSINESS

May 2068

Jollowing passege, which sppesrs after

theit empirien) results are presented?

*‘Our results suggest thet the rasidual
change m botal facter productivity,
which Denpison attributes o Advance
in Enowledge, is small® (e conelu-
si¢n is not thet advances in lenowledge
are neghgible, but tbot the acoumu-
Intion of knowledge iz governed by
the same econornic laws as axy other
proecoss of capital accumulation. Costs
must be incurred if benefits ara to be
achieved. Although wehava made zo
sttempt to solats the aoffects of ex-
penditures on research snd develop—
mantfrom expenditares on other types
of eurrent inputs or invesiment goods,
our resnlts suggest thet soeial rates of
raturn bo this type of investment are
comparable to ratas of ratarn on othar
typea of inveslment. Another implioa-
tion of our reeults is that discrepancies
heiween private and social returns éo
investruent in physieal cepital may
play a relatively minor role in ex-
plaining aconomic growih.” [L, p.
274)

Thiz quotation seems to eontain four
statemonts. Evean if the Jorgemson-
Griliches statistical results were aceu-
reta, they would not, I balievs, support
gll of these statemenis. Tndeed, the
interpretation of their residual produc-
tivity estimgte that is required for it
to support the first statement seems
directly contrary to the imterprets-
tion that would he required for it to
lend any support to the other three
statements.

The first statement is that the small
Jorpenson-Griliches residual does nob
imply & smsll contribution to growih
from advances in knowledge. This
statemnent could be correct oniy if their
prosedures hove the effect of reciassifying
much of what I regard as the contzibu-
tion of output per unit of input to an
input contribution. Ia the absence of
such & reclassification, a tiny figuze ior
growith of output per unit of input
woudd in fact lesve little room for a
contribution frem advances in knowl-
edge—or from sconomics of scale, re-
allocation of resources, or any of the

a7, Footnot by Donkon: Actuslly, I haws abbribaied o
sdvances B Enowisiye only part of my eatimato of the
oonéribyHoo of ootpnt pae aolt of Inpub.
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other sources I have listed as gontribut-
ing to changes In output per umit of
mpué.

The second ztetement is thet, to
obtain important advances in knowl-
edge, commensurate costs must be
incurred; costs must be imcurred i
benefita are to be achieved, Thiz
implies that & comparison of costs and
gains hes been made. Actually,
Jorgenson end Griliches provide no
estimates at all of the ¢oste of obtaining
knowledpe—a.g., costs of research or
sxplaration. The fact that their residual
productivity estimate iz smell can
indicate that geina from advaneces in
Emowledge—whethar costly or cosi-
lasg—ara small onfy if Jorgenson and
Griliches heze not trensferred gains
frorn sdvences in  knowledge from
productivity to input. [ would regard
ez implansible a finding that sdvances
in knowledge have contributed to
growth an smount as smabll ag their
regidusl®® I have tried to show that
their estimete actually resulés from
procadural snd statistical errors. But,
- although T have argned that Jorgenson
and QGriliches have made no zalid
transfars of growth sources from pro-
ducdvity to input, the acial reason
their residnal is so very small s their
introduction of the capital uiilization
adjustment. If this adjustment were
really accurate and appropriate, they
would have counted gains (their esti-
mate implies most of the gains) resulting
from advances in kmowledge as s contri-
bution of cepitel. If they had succesded
m adjusting capital stock series for
unmeasured quality change by ther
“vmiage” approach, this too would
bave counted gains resulting from
advances io knowledge = a contribution
of capital.™

The third statement is that social
rotes of raturn on research end develop-
ment; pre comparable to those on other
types of investment. This stetement,

8. Is may bs poled that Jorgeopon apd Grilkches v
itimatad that ths Increads o adtpot par ueit of Inpuk wey
nagligfile aray eivs oetiod 199084 Taiod wh wrsll an doring the
ROEiwNT pHriad [5, p. 1] They tiearly bellore thix bo ba the
L¥Iical stk

# 1T the mupariority of Tater Mvigtagert of arplial poads
wan Chal they could bw iasd Jongwr boors, Eie same paioa
wald soimalty by tarakered toie—sn0s by the apital
Utleabiyy sdhartmant, and mes by the adjotmment of e
Arality of caper.

May 1972
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to, does not follow from their results.
A just indicated, they provide peither
mensurea of the costs of research and
development for comparison with costs
of tangible investment, nor measures of
the benefits of resmarch and develop-
ment and of tengible investment.

A5 to thar fourth point, I do not
understend how their results could
peasibly  show  that  discrepencies
between private and social returns to
investmant ip physieal capitel are small.
Jorgenson apd Ghriliches must some-
how have drawn this inference from
the size of their residual. But their in-
troduction of a capital utilization ad-
justment repders use of their residual
for inferences sbout souisl rates of
return conceptually invalid, just as it
does for inferences about returns to
ressarch. And even their smell residual
would be hig enough io add gresily to
the private rate of return on investment
if (improbably} it arcee entirely from
the discrepancy between public and pri--
viito returms to Investment.

Part of the difficulty wilh the
quotetion I have just svalyged stems
from the praferance of Jorgenson and
Griliches for what I regard as an

27

ingonvenient classification of grewth
sources, and this leads me o & fnal
comment on this topic. I believe there
is an advantage in matching growth
spuroes with the resspns that income
changes, and I have iried to adhere to
this principle in my own work. In
particular, confuzion and misinterpre-
tation sre avpided if the contribution
of capital is identified with changes in
income that result from investment,
wnd that can be aliered by changing
the smount of investment, and the
contribution of advances in Inpwledge
is identified with changes in income
that result from advences in tecknical
snd managerial kmowiadge, and that
can be altered by changing the state of
knowledge. Confumion iz herd to aveid
il the consequences of advances in
knowledge are clamified as contribu-
tions of capital. This = why I believe
it would be unwise, aven if they
could be isolated, to count ss coninbu-
tions of capital the gains made possible
becausze somacne has devised improved
designs of vapital goods, or found ways
to meke possible more sontinucus vse
of capital goods. Such a classification
is an invitation to misinterpretation.
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1. Introdueiion

IN our peper, “The Explanation of
Produstivity Change® [60], we examine
the measurament of total factor pro-
duetivity frem the pevepective pro-
vided by toe economic theory of
production. From ihe acecounting point
of view the major innovation in our
approsch ic in the intapration of
productivity measurement with na-
tional aeeounts for income, saving,
and waalth, Our main substantive
coneluzion is that growth jin reaj
factor imput rether than prowth in
total factor productivity is the pre-
dominant souree of growth in real
product.

Both our approach to productivity
measuremeni and our substentive con-
elusions require much further analysis
and testing. Edward F. Denison has
made sn important contribution to
this further analysis and testing in
his paper, “Some Major Issues in
Productivity Analysis: An Exemination
of Estimates by Jorgensom end Gril-
iches’ [35]. In this paper Denison
examines our approach from the veu-
tage point ¢f methods developed in
his study, Why Growth Rotes Differ
[28]. Denizon's confribution is espe-

Hore—FProfessora Jorgenzon end Griliches
are Doth membars of tha Doepartment of
Eeonomies, Hervard Tlobwersify, A vemsion
of this paper waz presentad a6 the 12¢h
Confarence of the International Aszociation
for Research In Income and Wealth ju
Raonneby, Bwedsn, Aupust §0-Saptember 4,
1971,

clally valnable sinee his objactives ars
gimilar to¢ ours snd hiz approsch is
carefully artimlated with national in-
come and axpenditura accounts.

Although Penison's objectives and
our ohjschives are similar, any attemnpt
to integrate bis spproach te produc-
tivity measurement into national ac-
counts for saving and wenlth gives
rise to gerions difficulties. The first
important difficulty srizes from a basie
confusion betweon depraciation and ra-
placement that underlies all of Deni-
son’s work. Denison. measures net
nakionsl product a5 gross product lese
replacement; the correct definition is
gross product less depreciation. The
error in measurement of total produet
carries over to Denison’s messura of
total factor input, since the wilue of
total produet is aqual to the walue of
total factor input s sn accounting
identity.

A gecond important . difficulty io
Dgnison's spproach arises from on in-
congisbenoy between his tresttment of
depraciation in tha messurement of
total product and his treatment of re-
placement in the measurament of cap-
ital input. This inconsstency results in
a contrsdiction betwesn the income
secounts that uwnderlie produetivity
measurestent and the wealth aceounts
that underlia the messurement of cap-
ital input. Although Denison's maasure
of total factor productivity is con-
sistent with nafional income and ex-
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penditurs accounts, it is impossible to
inteprate his mpasure into national
saving end wealth sccounts.

Further difficulties arise in Denison’s
allocetion of property imcome ameng
sagets. First, Denizon employs nominal
rates of return rather than resl retes
of return in measiwing ingome from the’
supply of capital services. As s con-
sequence his allocation of property
income among assets is inconsistent
with tha integration of property in-
coma inio secounss Jor saving end
woalth. Second, Denizon’s dassfication
of nasets ignores mportant differences
in direct taxation of property income
by legal forrm of orgenizetion. His
allocation of property incems fsils to
roflect the impact of the tar strusture
on rates of return of differsni types of
asgats,

The purpose of this paper 3= to com-
pare our approsch to productivity
measurement with Denison’s. For this
Purposs we Prezent & new aet of esti-
meates of total factor praductivity for
the peried 1950-1962 covered m Deni-
son’s study, Why Growth Rales Differ
[28]. Thess estimates, prepared by
Christensen and Jorgenson,' implement
our approsch in much prectsr detail
than the sstimates given in aur earlber
study. The new esatimates and the
methode employed in obtaining them
are presented in Sections 2-6 below. In
Seetion 7 we compare thess resulis with
Denison's and ounr own earlier ones and
assess the quantitative importance of
the differences.

The first step in  productivity
mesagurement ie to define messures of
product and factor input in current
prices. Product is divided betwesn con-
sumption end investment; factor inpat
is divided betwesn labor and capital
input. Inveztment and capital iInput are
linked through nationsl accounts for
saving snd weslth. Invesiment in
reproducible tengibla capital nssets is
part of the national produet and also
part of saving. Invesimenlk less deprecia-
tion plus eapital gains is equal to the
change in the value of the corresponding
capital asset from period to paried.

Capital assets underlie capital serv-
ices. The ireatrment of capital assets
aa part of wealth must ba consistent
with tha treatment of capital services
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&8 port of factor fmput. An imperisot
objective of our aspproech to pre-
ductrity messtrement Is the integra-
tion of capital input inte netional
acoounts for ineoms, saving, and wesith.
Our estimates of product snd factor
input, consumpiion end investment,
and lshor and capital sarvices are
presentad in Secticn % below.

In Beciion 2 we present estimetes of
capitel mput implementing our ap-
preach in much greater detail them in
our original study. The new estimates
permit us to distinguish among com-
ponents of proparty income correapond-
ing to sectors of the economy that
differ in lagal form of organization.
These eosiimnbles provide for s much
more siaisfactory integration of direct
taxafion of properby income into factor
input acocunta.

We have aftempied to validate
our original measurez by checking
our data against a mors comprebensive
body of supplementary evidence—es-
pecially evidence on investment goods
prices in Section 3 and date on changes
in the relative wutilization of ecapital
in Bection 4. In constructing & new
set of estimates Chnstonsen and Jorgen-
500 have beon able to incorporate new
data. In the most diffios!t area of
smpirical ressarch, the measurement
of relative utilization, they incorporate
cyclical as well as secular changes
i relative utilization int< thair messurs
of copital input? In reviewing their
work in Section 4 snd in response to
Deonison’s comments wa have resched
the conslusion that the ssope of our
original adjustmnents for changes in
relative utilization should be reduced.

In the messurement of real factor
input, rates of prowth ef labor and
eapital input are averaged to obtain the
rate of growth of totael fagtor input,
using relativa [actor shares as weighta.

The measurement of sgeregata lahor

input a5 developad hy Denisen, Gri-
liches, and others? amountz to epplying
the same principle of aggregation to the
individual components of labor inpus.
Rates of growth of the components ave
averaged to obtain tha vate of growth
of totel labor input, using relative
shares in tha value of labor input as
weipghts. Our measure of labor input
does not differ conceptuslly from the
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measure employad by Denison. Ewvay
though the details of the mensurement
procedure are quite different for the
two estimates, the empirical results are
very shnilar. Boih measurss of labor
input differ substantially from messures
based on unweighted man-hours, such
as those of Abremovitzy [1], Kendrick
[61, 62) and Solow [70]. In Section &
we compare our measure of labor input
with slternatives ncorporating addi-
tional detail.

In Bection 6 we present revised es-
tirnates of total factor produstivity.
Revised estimatez of capitel input
raquire date on property income by
legal form of organization, an ansly=is
of the tax structure for preperty in-
coane, &nd the meorporation of meszures
of relative ntilization of capital stack
Estimates of capitsl stock alvesdy
ingorporated into productivity atudies
provide an importent part of the
empirical busis for revized estimates of
capital input. Uliimately, satisfactory
estimates will requira the integration
of productivity messurement with ac-
countz for income, saving, and weslth.
Produetivity meacures of this type ate
svailable for the United States for the
period 1820-67* but much further
work remminz io be dons in refining
and oxtending thess sstimates.

Bection 7 summarizes the results of
these revigions, ecompares them with
gur  ariginal  eséimetes, reviews
Danison's shjactions to them, and ex-
plores some of tha remaining unresalved
jssnes. Our oripinal conclusions are
ohanged somewhatf, primarily as the
result of the reduction in the magnitude
ond scope of the relative utilization
adjustment. The resulting estimetes of
growth in total factor productivity are
clozer to Denison's estirnates than our
oripinal ones, but skl significantly
lovwrar. Our ravised estimates meet, wa
believe, all of Danison’s valid abjections
to our orgingl proesdures. We have
preserved, however, the major ¢on-
clusion of our originol paper: Growth
in total input is A major rather then
# JOinor souree in the growth of national
output. The estimmpted residusal change
in toial faetor productivisy is amaller
then asserted by otber investigators
but not so small as was implied by our
origingl estimstes. This ‘requires &
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revision of the imphication of out
original paper that all of output growth
eould be accounted for by a corcected
vergion of total input within the con-
vantions of nationel Moome measure-
ment. This does not seem to be the
CESE. ' _
Further progress in explaining pro-
ductivity change will require allowing
tha rates of retum to differ among
Jifferent types of investment and
among industries and not only emong
logal forms of orgamization. Returna

to labor of ¢omperable gquality "may
alao differ by age, race, sox, or oocupa-
tion .and these differences should be
reflocted in the messurement of labor
mput. Finally, 8 more detailsd in-
vestigation of possible coniributions to
growth associated with externalities In
the process of research and educationel
activitiea would be worthwhile. It is
still our b&hef that the correct research
sirategy in this ares is to refine and
extend the sccounts so 45 to minimize
the contribution of the uanezplained
residual.

2. Measarement of Outpnt

2.1 Introduction

We define the value of output and
factor input from the peint of view of
the producer. For each sector of the
e0ONOMY we INSRSUra TeVeNue &5 pro-
ceeds to the sector and cutlay as ex-
penditures of the sector. The value of
cutput 15 net of Laxes on ouéput witle
the value of input is gross of taxes on
inpud. The resulting concept of gross
value added is intermediate between
gross produst at market prices, which
is the concept of ontput employed m
owr earlier study, and gross product st
faotor cost.

For sny conecept of gross product the
fundamental accounting identty for
rroductivity measarement is that the
value of output is equal to the value of
input. Denoting the price of sgeregate
cutput by ¢, the quantity by ¥, and the
price and quantity of aggregate Input
input p and X, we may represent this
identity in the form:

g¥=pX.

In measyring total factor productivity
we condine our attention to the private
domestic economy. In the U.8. nstional
1ngome and product acconnts the velue
of government services is egual to the
value of labor services by definition.
The services of oapital input in the
govertment sector are ipnoved, so that
preduct accounts for private and gov-
ernment seclors are not comparsble.
For tha rest of the wazld sactor invest-
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ment is oot included in Investment

goods outpui, as defined below, so that
fantor inpot accounts for domestie and
foreign sectors sra not cornparsble.

In the US. nafipna]l inecome and
produet aceounts the services of owner-
oeeupied housing and sfruetures utilized
by nonprofit institutions are included in
the product of the private zector. The

Table 1—Frodactien &mung Gross Private Domestic Product and Factor Outlay,

valua of the flow of sarvices is imputed
irom data on rental values of compar-
able striciures. Capital sarvices from
consumers' durables and prodncers'
durables used by nonprofit institutions
sre not treated symmeirically with
services from owner-cceupied housing
end ingtitutional struetures. Purchases
of consumers’ dursbles are included in
personal consumpiion expanditures and
purcheses of producers’ durables by
nouprofit mstitutions are ineluded in
private ipvestment, but the How of
eapital sdrvices from this equipment is
not included in the value of private
product.

Wo treat the services of owner-
utilized consumers’ durables symmeeri-
cally with the services of ¢wner-
oceupied housing and the services of
producers’ durables utilized by non-
profit institutions syminestrically with
those of structures oceupied by these
institutions. Purchases of new con-
sumers’ durables and purchases of
producers’ durahbles by nonprofit insti-
tutions ere t(ransfarred from personal
consuroption expenditures to private
nvesiment, leaving the velua of total
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preduct unaffected. We impute tha
value of services of consumers’ durables
and producers’ durables owned by insti-
tutions from rental values implied by
the imputed service flow for owner-
occupied housing end  institutional
structures. We add the resulting service
flow to the product of the private
sector, inereasing the value of the total
product. The values of gross private
demestic product and factor eutlay for
the year 1968 are presented in table 1.

2.2 Consumption, investment,
abor, and capital

In measuring total facter produc-
tivity we find it useful to divide total
product batwesn conswmption. snd in-
vestment goode end total factor outlay
between cepitel and labor services. In
the T7.8. national income and produect
accounts totel output is divided among
durables and structurse output {which
we demote investment goods output)
and nondurables and services output
{whichk we denote econsumption goods
output)., Our definition of services out-
put inelvdes the zervicas of consumers’
durables and institutional duerables
along with the services output inciuded
in the IS, accounts.

The velue of private domestic fnctor
outlay incledes labor compensetion of
aemployess in private enterprises and in
privata households and nonprofit m-
glitutions, plus the [abor compensation
of polf-employed parsons® In measuring
labuor compensation of the self-employed
wa aseume for each sector that average
labor compensation of proprietors and
unpnid family workers is equal to the
average labsr compensation of fuil-time

Table 3—Crogs Private Domectie Frodocot, 194=63 {Constant Pricee of 1960)
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equivalent employezes in  the same
goctor. Qur estimates of nonfarm pro-
pristore and employees are those of the
Offica of Business Economics. Our
estimates of vnpeid family workers sre
those of Kendriclk, slloested among
sactors in proportion {0 the number of
proprietors in each sector’ QOur eski-
mates of persoms enpaged in the farm
sector are from Kendriek.

All ontlay on factors of prodaction
not allocated to labor is alloceted to
capital. Outlay on espital services in-
cludes property income of the self-
employad ; profitz, rentals, and intersat;
capital consumption allowances; busi-
ness trensfer payments; the stagistical
diserepancy; indirect business taxes
that are part of the outiay on produe-
tiva factors, such Bs motor vehicle
licenses, property taxez, snd other
taxes; and the imputed wvelue of the
services of consumers’ durables and
producers’ durables utilized by institu-
tions. * Grose private domestic product

Talle 2.—Cross Private Tomeatic Produet and Factor Oatlay, 1950=562 (Carrent Prices)
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and factor ouwtlay in current prices for
1950-£2 are given in table 2. Total
produst is divided between prosa priv-
gte domestic investment and grose
private domestic consumption. Total
factor outlay is divided between labor
compensation snd properiy compensa-
ton.

2.3, Price and gquantity of ourpret

We turn next to the measurement of
real product. Product is ellocated be-
fween consumpiion and investment
goude. Consumption goods include non-
dursble goods and services and invest-
ment goods include durable pocds and
strecturss. Wa congtruat quantity index
numbers of output for thesa two types
of output from data for the corres-
ponding components of gross national
product in constent prices. The product
of the rest of the world end govern-
ment zectors 1s composed entirely of
services, The price wndex for the prod-
uct of each of these sectors is assumed
to ba the same as for sarvices as a
whole. Quantity index numbers for the
services of gonsumers’ durables and
institutional durables ere construcied
as port of our imputation of the volue
of these services. The volue of cutput
from the point of view of the produsing
soetor excludes certnin indirect business
taxes less subsidies. The price of out-
put is implicit in the velue of output
and the quentity index of outpui de-
soribed above. Price and gquantify io-
dexes for gross private domestic produst
are presented in table 3.
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3. Measarement of Capital Input

3.1, Introducton

(nr original sstimates of capital in-
put distinguishad among five sategories
of capital inpat—Iand, residentis]l snd
ponresidentinl structures, equipment,
and inventories. Cur approach has now
beenn extonded by Christensen and
Jorgenzon (19, 20) to 18 classes of assafs,
peparating inventories into farm and
nonferm catepories and adding eon-
sumers’ durables to the other asset
catagories. Kech asset catogory has bean
slloeated smong corporste, noncorpo-
rata, household, and institutional ses-
tors.” ‘This classification of asgets
permite & much more satisfactory treat-
ment of the taxation of incoma from
capital services. The original elsssifica-
tion of nssets was not sufficiently de-
tailed to permit s fully satisfactory
treatment of the tax strueture. The rela-
tive proporidons of capital stock by
szt class for each sector for 1958 are
given in tahie 4.

We have divided sszets among sec-
tors of the private domestic economy
that differ in the tax treatment of
property income. Housgholds and insti-
futiona uiilize the services of consumars”
and institotional duorables, owner-
occupied dwellings, institutionnl strug-
tures, and land. No direct taxes are
levied on this properiy income, but part
of the income is taxed indirectly through
property taxes. To incorporata property
taxes into the capital service price, we
add the rate of property taxation to the
rate of return, the rate of replacement,
and the rate of capital loss. Non-
corporate businass uiilizes services from
residentiel and nooresidential struc-
tures, producers’ durable squipment,
nonfarm and farm inventories, and land
held by that sector. This property in-
come is taxed directly through the per-
sonsl income tax snd mdirectly threugh
property taxes, We measure the non-
sorporate rate of return before personal
mcome taxes.

May 1478

Corparations usilize serviges from
residential mnd mnonresidential strue-
tures, producers’ durable equipment,
nenfarm inventeries, and land, We
employ the capital service prices for

Tahle 4—Ralative Proportioms ok Capitsl
Stowek by Sector, 1958
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corporate capital impat developed by
Hall and Jorgenson [62, 53] for de-
preciable assets, modified o include
indirect business taxes,"® including
property  taxes, Corporate property
income is taxad divectly through the
corporation income tax and throwgh

the personsl income tax and indirecily
through property texes. We measare
the corporate rate of return before
personal mcome taxes but after cor-
poration income taxes.

3.2, Perpatual inventory mathad

The starting point for a revised index
of resl capital input is the astimation of
capital stock by the perpetusl inventory
method. In discreta time tha perpstusl
inventory method may be reprasented
in the form:

K{I-Iﬂ'l' (I-Ft}K[. =y

whers K, is tha end-of-period capital
stock, £, the quantity of investment
occrTing in the peried, end p, the
rate of replacement, all for the ith
investment good. For each type of
investment good we follow these sieps
in estimefing capits]l steck by the
perpetual inventory method: (1) a
benchmark is obtained, (2} the invest-
ment series in cuwrrenk prices from the
17.5. national accounts is deflated to
obtain & real Investment seriss, {3)
a rate of replacement is chosen, and
{4} the stock series is computed using
the perpetusl inventory method des-
cribed sbove. Denchmarks for 1958,
roées of replacement, and price indaxes
for each capiial good are given in table
5, Price indexes for ench asset class
for 1950-02 are given in table 8.

Qur method for separating price and
quantity components of a flow of cap-
ital aervices is based on the corres-

Table 5. —=Benelhimavks, Rater of Heplnwmﬂt and Prios Indexos Employed in Exthmating
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pondence between asset prices and
service prices ivaplied by the equality

batween the valua of an asset and the

the value of its services. This corres-
pondence is the counberport in price
estimakion to the relationship between
investment amd changes in  cepitel
stock used in estimation pf national
wealth by the perpetual inventory
method. Data on asset prices, rates of
replacement, and investment are re-
quired for perpetual inventory esti-
motes of capital stock." Qur method
for separetion of property compensation
between the price of capitel services
and its quantity requires the same dats
as tha perpetnal inventory methoed for
measurement of capital stock, together
with data on property income and the
tax siructure. Data on property com-
pensation by legal form of organization,
such as those presented m the TS,
national income and product accounts,
ara essentizl for incorporating the
eifects of the tax structure. This
straightforward extension of the per-
petual  inventory methed makes it
possible to allocats property income
among different classes of assets,

To make the correspondence betwean
asset prices and service prices explicit
we must specify the relationship be~
tween the quantity of an asset acqguired
at ona date and the quantity of the
sarvice How of the asset at future datas.
In vur perpatusl inventory estimates of
ihe stock of asseis, we have mssumed
that the service flow from the ith m-
vestment good declines geometrically
over time,

L {l"i‘i}: ':1_'#“]2 L]

To infer the capital service price from

.the sequence of asset prices, we first

write the assat price as the discounted
value of future services,

rel 1
r-I:-F-:-H 14+,

.‘Pﬁ r+1(1 _Fl)r-'

gh=

where 1, is the rate of retum in peried g,

.g} is the price of the ith mvestraent

good at time £ and B is service price of
tha ith investment good. Solving for tha
service price, wa ohtain

phi=gt et e (g — gt

(iven the sequence of asset prices
{gi}, the raie of replacement w, snd
the rete of return v, we obtain the
pevpetual inventory estimate of the
aa;‘vic& price of the ith investment good
pi.

Tha correspondence between assei
prices and service prices implied by the
perpetusl inveniory method is precizely
fhe same correspendence thet underles
the mensurement of net capital stock.
As Denison poants ont, . . . net
stock measures . . . the discounted
value of future capital services'’ *
"The measurement of net capital atock
s well established in social accounting
preactice; our formula for the perpeiual
inventory estimate of the capital service
price iz an immediate implication of
mccounting metheds for net capital
stock, This formula may be genoralized
to alternative assumptions sbout the
fima pattern of the service flow asso-
ciated with an asset. The formuls
devaloped by Haavelmo [50] for & con-
stant service flow over the lifetime of the
aszel has been suggested as n means of

agpregeting eapitel services by Johensen
and Sorsvesn [56]. Arrow [4) has pro. %
iwided formulas for the service price for
an arbitrary sequaence of replacements.
In Arrow's formuls the rate of replace-
ment u,, which wa have assumed com-
stant for each cless of assets, is replasad
by a waighted average of rates of
replocemeni over the lifetime of the

azsek, '

3.3, Price of investmant goods

The price indexes used by Christensag
and Jorgenson in constructing the capi-
tal stock series differ from our originel
ones in using the nationsl income im- §
plicit deflator for producers’ durable
equipment and the WFPI 25 the deflator
of the stock of inventories. There is
enongh evidence that the varioys official
capital deflator series are biased upward
during this peried for us to be unwilling
to concede that our original attempt to
subetitute something else {the CFT dn- |
rables index) for the officinl aguipment |
investiment deflator was an error. While
this is not the place to go into great
detail, thers is ample evidence that
commponents of the WPI, which in turn
are & major souree of deflators for the
producers’ durables investment, are (or
at least have been) rather poor messures
of price change. The WPI is based
almost entirely on company and trade
papers and assemation reports. More-
over, for a variety of reasons, it has had
much less resources devoted to it rels-
tive to the CPL. All this has combined
to produce what we believe to be o
aigrificant upward drift in components
of this index during the. post-WorId
War I period.®

Table fe=rice Indexes by Class of Assek, 1950-062
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Our. example of consomer durables
was not- intended to claim that the
particnler items wWera repressntative

of most of the producers’ durables but

" rather that such s compsxison allowed

one to dstect the magnitude of the
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drifc i the WEL which was due to $he -
poriicular way in which jta deta ware
collected. The difference beiween the
wmovement of prices for these identical
items in the two index sources was
interpreted mot as property of the
particuler items, but as an estimate of
the bias intreduced by the basic
procedure used in collecting the whole-
sale price date. The lattar, we sasumed,
was genaralizable to most of the other
WFI items.

Actuplly, there is quite a bit more
evidence on this point than was alluded
to in our original papet and sowme of it
is presented in table 7. The first line
recapitulates the CPI-WPI identieal
durables somparizon. The other com-
parisonz ¢can be divided inte three
groups: (1} tramsaction price dste
{vircuit breakers amd power (rans-
formars from the Dean-DeFodwin srudy
and tubes and batteries prices from
Flueck™s staff report) ; {2) more datailed
attentioh to quality change andfor
more analysis of the chenging specifi-
cations of tha priced items, sometimes
via regression technigues (Dean-De-
Podwin snd Census on steam
gonerators, Barzel on slsetric aquip-
ment, the Association of American
HRailroads on railread aquipment prices,
and Feattip on trector prices): and (3)
wider covergye and transaction pricing
{Censns unit values data),

The last, Censzus baszed, set of
date (surmmarized in table 3) is partic-
nlariy interesting sinee one might have
axpected that ynit values would them-
selvas be upwaerd bissed due to the
secular shift to more elahorats, higher
“quality"” models. In fact, they and all
the other additional comparisans point
sﬁ:ungljr to the existence of an upward
bins in the comparable WPl com-
ponents, kb 1east in the recent past, Our
irnplied estimate of this upward drift
of i.4 percent per year betwesn 1950
and 19G2 is quite consisteni with the
new evidence presented In this table.
While it is not used in the praductivicy
computations we borrow from Christen-
sen and Jorgenson we are willing to
stand by this part of our original
estimates 't

Qur substitution of the new OBE
“constant cest 2 construotion deflator
for the comparable implicit GNP de-

1



fiator compotient is not ideal and could
be improved on. The “eonstant oozt 2V
deflator is on average, implicitly, of
the Bureau of Public Roads highway
structures, the Bureau of Reclamation
pumping end power plont indexes,
and the AT. & T. and Turmer con-
struction cost indexes. The latter two
are basically input price rather than
output prics indexes with some foeble
adjustment for productivity chengas 1
The Bureau of Reclamation indexes are
hard to interprat and seem to be based,
to a large extent, on lisi prices of raw
materiale. A vacent ztudy by Gordon
[40] indicates that the constant cost
2 index may also be biased upward to
ah unknown deprea.® It ia likely, there-
fore, that if o more pecurate conatrmation
Jrice index wara used it would imply »
higher rate of growth in the structnres
compenent of capital input thon was
estimatad in onr original paper and is
alze usad in thiz one. In chort, more
remaing to ba dobe in thiz area but we
beliave that our original procedures
were on the right track. The estimates
we borrow _from Christensen and
Jorgengon sre conservative in  thair
choice of investment defators.

1.4, Price of capital services

3.4, Intreduction.—The zecond stap
in the construction of a revised index
of ren]l capital input is to divide the
value of capital serviees between price
and quantity with price corresponding
to the rental rate and quantity as the
amount of capitaf services utiiized.
This division is precisely anslogous to
the separation of the value of labor
services between n woge rate and the
quantity of labor services. For property
with an active rents) market the separa-
tion may be carmried out by means of
market deta on rental rates and cor-
responding data on the employment of
capital. This msthed may be exiended
from reatal properiy (o property uii-
lized by its owners if market rental
values reflect the implicit rentals paid
by owners for the use of their property.
An imputation of this typa is employed
in the U.5. netionsal income and product
accounis in the measurement of serv-
ices of owner-occupied housing.” A
precisaly apalogous imputation occurs
in messuring labor services of the self-
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employed. Market wage rates are used
o3 & basis for imputing the mplicit
wage rates paid to the sef-employed.!®
Tha main obstacle to application of this
method to capital services on a coro-
prehensive basis is the lack of sufficient
datn on market rentsl valves,

To imputa capital servics prices we
must estimate rates of return for
corporate business, noneorporate busi-
ness, and houzehelds and institgtions,'”
Ag an acccunting identity for esach
sacter the valne of all capital sevices
is equal to total property incoma. Wa
rpeasurs the value of capitol services for
sach pector before either corporate or
personsl income taxes, but we measure
the rate of return after corporste in-
come taxes snd bafore personsl incoms
taxes. In each sector asset prices and
stocke, rates of replacement, and pa-
rameters describing the tax structara
are given as dats. The rate of refurn
for each sector iz chosen at zach point
of time s0 as to maintain the identity
hetwaon property income and the value
of ali capitel serviees in the spetor.

Euch capital service fow may bhe
axpressed a8 the sum of four terrs,
depending on the vate of reiwn, the
rate of replacemant, the rata of eapital
lnsses acerued, and the rate of praperty
tzxation. Since property tkxes are de-
ducted from corperate income in deter-
mining corporaie profits for tax
Prposas, the component of each capital
service How correspending to propecty
taxes is simply added ¢ the other
components. Similarly, the property
Jax component of each capital servios
fow for the noncorporate and house-
hold sector is simply added to the rest.
Accordingly, our first siep in esiimsi-
ing rates of return for the three sectors
is to deduct all property taxes from the
value of property compensation.

.42, Household sector—Our meas-
surement of tha flow of capital services
for the housshold secior is ndapendent
of the measurement of flows of capital
services for ihe corporate and non-
corporate sectors. The value of services
of owner-ogoupied ferm snd ooenferm
dwellings is the space-rental value of
dwellings less associated purchases of
zoods and services. Wa assumg that the
proportion of purchases is the same fox
farm a2 for nonfarm dwellings. The

SURVEY OF CURRENT BUSINESS

effective tox Tate ia the ratio of taxes
a3 & component of total spacerental

‘walue to the asset value of ownep.

oceppied dwellings, inodnding both
struntures and land. The valpe of sery-
ices of insfitutional structures is the
spacerental value of institutions|
buildings. To estimate the rate of
return we divide the spece-rental values
of owner-peeupied dwellings and insti-
tetional buildings, less sasociated pur-
chases of poods and servicas for dwell-
ings, less current replacement wvaluas,
acerved capitsl losses, snd taxes Bs &
component of total space-rantal walue
for dwallings by the current asset value
of owner-ocoupied dwellinps and insti-
tutional atroctures, including land.

Our measurement of the output of
the producing sector differs from that
of tha U.5. national ineome and product
accounis in ths treatment of consumars'
and institotiona! durables. Wa sssign
persons! consumption expenditures on
durables to gross investment rather
that to current conaumption. We then
add the zervice flow from consumers'
and institutional durgbles to the walue
of ontput and the walue of eapital input.
The walee of each service flow is the
produet of the service price givem
above pnd the corresponding cervies
gquantity. The walues of thesa zerviee
fows enter the product and factor
ouilay accounts given in #abla 1. Wa
asgume that the rate of return on dur-
ables is the same a5 that on structures
for the household sector. The effective
tax rete on consumers’ durables is the
ratio of the following Stete and locel
personal taxes—maobtor vehicle licenses,
property taxes, and other taxes—plus
Federal sutomobile use taxes to the
current asset value of consumers’ dur-
ables. The effactiva property tax rates
on household property snd the raie of
return for the household sector arxe
preseated in table §.

3.4.8. Nomcorporate sector.—In mess-
uring the rate of return for the non-
corporate business ssctor we first esti-
mate the effectiva tax rate on noncorpo-
rate property. We deduct preperty
taxes on owner-occupied residential
real estate from State and loval business
property taxes to obiein State and local
property taxes for corperate and non-
corporate sectors.” We allocats business
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motor vehicls licenses batween ¢orporate
ahd noncorporste seckors in proportion
to the vaJue of produsers’ durables in
each sector; similarly, we zllocats ather
State and local business taxes and
Federsl capital atock tazes in propor-
tion to the value of ail assats in each
sactor. The effective iax rate on non-
corporate property iz the rabio of the
gam of properiy toxes, motor wehicle
licenzes, and other business taxes allo-
cated o the noncorpovate seckor to the
value of all assets held by the sector,
including preducers’ durables, residen-
tial and nonresidential stractures, in-
velttonies, and lend.

The velue of capital cervices for the
noncorparate sector 15 the sum of in-
come originating in business, other than
income originating in corporata busi-
ness, incrma originating in government
enterprises, and interest and net rent of
owner-occupied dwellings and institu-
ticoal siructures, lass labor compensa-
tion in the noncorporate sector, includ-
ing impuied labor compensstion of
propristors and unpsid family workers,

plus noncorporate eapitel consumption

sllowances, less capital consumption
allowances of owner-corupied dwellings
and institutional stenctures, and plus
indirect business taxes allocated to the
noncorporate sector, as outlined above.
We slso alicoata the stmtistical dis-
trepancy 40 RODCOTporste property
income ® To abiain our estimate of the
noncorporats rate of return we daduct
property iaxes and the current valve
of replscement, add accrwed oepital
gains on Boncorporate assels, ahd divide
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by the wvalie of noneorporate sssets
The effectivé tax rate on noncorporate
property and the rate of return in the
noncorporata sector are piven in table 9,
8.4.4. Corporate secior —In measuring
the rata of retvrn for eorporate business
we begrin by estimniing the effective tax
rate on corporate property. We add
State and local business property taxes,
business motor vehicle licensss, other
business taxes, smd Fadeal capital
stock taxes for the corporate secior io
oliain totel property tazes. The affac-
tive tax rate om corporate property is
the ratio of these tades to the value of
all assats held by the corporate sector,
including produgers’ durables, resi-
dential and nonresidential structures,
mventories, and land. We measure
corporete properky incoms less property
$aXes ay income origineling m corporate
businese, less compensation of employ-
cas, plus corporate capital consumption
allowances, plus business transfer pay-
ments” The value of corporaie capitol
input, which is egqual {o corporste
property income, depends on the effec-
tive corporste ingome tax rate, the rate
of return in the corporate sector, the
mvestment tax credit; snd the present
values of deprecintion deductions for
nonresidential alructures, producers’
durables, and residential struotyres.
Corpozate income taxes less the
investment tax credit are equal to the
effective tax rate apphed to corporate
property income, less property faxes
ahd lesz dedunotions Ffor capital som-
sumption, expreszed as proportions of
current capital sarvies flows after taxes.
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Our estimnate of the effective rata of
the investment tax credit is based om
estimates of investment tax ecredit for
corparations by the Ofiice of Business
Economics. The sifective Tate is defined
as Ghe amount of the investment fax
credit divided by gross private domestic
investment in producers’ durables by
corporations. We sssome theé the
effective rate of the investment tex
credit iz the same for corporetions and
for noncorporate buosines. Alihough
the nominsal rate of the investment tax
credit is 7 percent, certain limitations
on its applicability reduce the effective
rate considersbly balow this level #

The present values of depreciatiom
deductions on new investment depend
on depreciation formulas allowable for
tax purposes, the lifetimes of assets
uzed in calculating depreciation, eod
the rate of return™ A reasoneble
approximation to depreciation practice
is provided by the assumpticn that the
straight-line depreciation formula was
the only one peemibhed for assats
acquired wp to 1953 and that an accel-
arated depreciation formula, sum of
the years' digits, was employed for
assets acquired during the period 1954—
62.%* QGliven deprecistion formulss and
lifetimes for tex purposes, calculation
of present values of depreciation deduc-
tions requires an estimate of the rate

of return for discounting these deduc-

ticns. We assume that this rate of
return was constapt at 10 percent.™
Substituting the prezent values of de-
nreciation deduchions into expressions
for cupitel service prices we reduce the
cnkmpwr, rariables to two, the effective
corporate tax rate and the rate of
return in the corporate sector. Corre-
aponding to these two unkmowns, we
have two equations. The first relates
corporate property income and the sumn
of values of the individuol capital serv-
ices, The sacond relates corporate in-
come fexes and the ¢ffective tax rate
on corporate income, applied to the
corporate inceme tax base, less the
investment tax oredit. We measure
corporate meome taxes as Federal and
Stete corporate profits tax hability.
Since the two eguations are indapend-
ent, we may solve for values of the
effsctive corporate tax rate and the
sorporate rate of return in esch time
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period. Variables deseribing the eorpo-
rate tax structure and the eorporate
rate of return for 1950-62 sre presented
in table 10. ’

1.5, Price and gquantity of capital
services

In geparating the value of capital m-
put into price snd quantity components
our basic sceounting identity i= that
for aach sector the value of all capital
services or property compensation is
aqual to the sum of the walies of the
individuel capital services. In construct-
ing Divisgia index numbers of capital
aervice prica End gquantity we combins
service prices snd quantities by class of
asset for sll ssciors. Finally, we com-
bino service price and quaniity indaxes
by class of asset inta an gverall capital
service prisa index and potential sarvice
quantity index, apain as Divisis index

numbers. Wa note that the overall
service price and gquentity indexes in-
clude capital zervices from essets held
by households and institutions as well

88 by businesses. Priee and gquantity
indexes of potential capital servicas for
corporate, noncorporate, and housshold
sectors for 1950-62 are given in table 11.

4, Relative Utilization of Capital

4.J. Introduction

It has been common o assurne bhat
one may be able to approzimate the
unemployment of capital by the un-
employment of labor. Solow [71] as-
sumad that thera is 8 proportionality
relationship hetween these concepts
{and his capiiel mensure included land
snd buildings, toof while Olun {67]
suggested a nonlipear relationship be-
tween the two. It eppeared to us that
the unemployment of capital can ba

better approtimated by the '‘unem-
ployment” of one kind of eapital
(power-driven asquipment), implicitly
assuming s proportionslity relationship
betwoon this type of capital and other
capital, than by the sssumption of
proportionslity between the employ-
ment of all labor and of all eapital

It iz our assumption, for which we
have no aexplicit svidepce, that our
measure, of ntilizetion mensnres not
onty the utilization of powar-drivan
equipment but alao the fraction of

Table 11.—Potential Gross Private Iomagtic Capital Inpot, 1050-62 {Constant Pricos of 1958)
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calendér time that establishments or
plants 27e in sctusl operation. Thas is,
machine-hours per week are interpretad
a3 & proxy for toisl hours per week
operated by an establishment -or in-
dusiry. This, of course, is not an
ynambipuous cokcept, bat. it doss ex-
piain why we were snd still are willing
to apply this estimated utilization rate
pot only to equipment but alse to
puildmgs. Wa are also willing, for lack
of any betier evidence, to extrapolate

this .to all industeial and agriculéural

squipment and strogtures and also to

sizuckures and equipment in the service
industries. There iz some scatlered
evidence thai-the hours operated per
week by viarious retail establishments
have incressed in recent years.

£,2. Measurement of relative utiliza-
tHor

In messnring the change in utilize-
tion: between 194% and 1954 by the

Table 12.—Helative Utikiration of Electric Motors, 1.5, Maoutscturlng, 1962
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average estimated change in utilize-
tion {per annum) between 1939 and
1954, we overestimated the former.
The estirmates used in thiz paper (also
taken from Christensen and Jorgenson)
solve this problem by adding & cyclical
sdjustment to the previcusly computed
sasular one. The benchmerlr yaars are
now tsed only to derive the ratio of
installed horsepower to potential ecapi-
tal. This ratio is essumed to change
slowly and i interpoletad linearly
between benchmerks. Installed horse-
power is then estimated as the product
of this ratio and our index of potential
flow of (business) capital zervices. The
ratio of aleatric power comsumed by
motors to this estimsate of installed
horsepower i3 our new measure of re-
lative utilization. The resulting series
grows at & significantly lower Tate, 0.54
percent per year, during the 1350-62
period than the utilization index used
in our original study (which rose at 10.6
pEFCAILL PET FRAT).

Denison suggests thai the weighting
of utilization estimates for indusicy
groups should be done by something
other then the total horsepower of
glectric motors. Since we use it a5 o
proxy for the utilization of &ll capiiel,
the appropriate weights would be
eatimates of the value of capitel sexvices
gt the two-digit level. The closest we
CEn coIne to it is o use welghts based
on the distribetion of total fixed assets
in- 19862, Recomputing cur estimates
saparately for each two-digit indusicy
and then weighting them with these
weightes doean’t really change the num-
bors sipnificantly {see table 12). If
anything, it makes them slightly higher.
The sams is alzo true for mining during
the 1954 to 1963 period {=ee table 13},
‘The resulting weighted uiilization Index
iz still quite high and of the seme order
of magnitude as the manufecturing
cne {if sllowance is made for the
gyclical difference between 1963 and
1962). We conclude, therefore, that the
snweighted fAgures we used sre rather
close to what the wetghted figures
would hava been had we computed
them.

Thus, except for the over-sstimate
of the rate of chenge of utilizaiion from
1045 to 1954, our estimates appear to
be reasonably good estimafes of the
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Table l4.—Selncved Utllization Mespures
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rate of uiilization of dectric motors in
manufacturing. Similer estimates were
pragantad for mining in table 13. An
entiraly differant et of estimagas, basad
on sctual machine-hours worked for
thres textile subindustries, i= prasented
in table 14. They, too, indieate an
upward trend in utilization in the pogs-
World Wer II period of aboulb the
same prder of magnitnde. Thus, thera
is somathing in these data. They are
mesguring something, at laast as far
ag the utilization of electic motors in
manufacturing apd mining is concarned.

Given our dats, it was en error on
our part {and on the part of those who
preceded us om this path) to adjust

tha residential housing, land, and inven-
tories components by this measure of
caparity utilization. Until batter svi-
dence comes slong, however, we are
willing fo hazard the very strong
amumption that the capacity utilization
of all bustness equipment and structures
may be approximated by our estimate
of capacity utilization of power-driven
equipment, in manufacturing {and min-
ing). Business equipment snd structurss
aoeount for about 46 percent of our
total capital input. Applying this to
the reduced rate of growth in utilization
leads to & utilization adjustment on
the order of 16 percent of our previcus
adjuatinent.

4.3. detual and potential capital
2EFTICRS o

' . The index of relative ntilization LT
in this paper is given in table 15, Since
$he velue of the capitel service flow as
weo hove measured is independent of the
rate of utilizetion, we defina s price 2ad
quantity index of actuel eapital serv.
Ices Bs price and queniity indexes of
potential ‘capital services, divided ang
muttiptied, respectively, by cur index
of relative untilization. Price snd quan-
ity indexes of actual cepital services
for corporate snd noncorporate sactors
and price and quantity indexes of actunl
oapital services for the privata domestic
aconomy for 1950-62 ara al:o presented
in tabla 15,

To provide the basis for comparisen
of sourees of prowth of eapital inpnt
with those for labor input, we present
data on capital siock, potentinl service
flow per unit of capital stock, and the
relative utilization of capital in tebie 16.
Capital stoclt is a Divisia index of capi-
tal stock for each clase of ssast—con-
surgers’ durables, nonresidential stroe-
tures, producers’ darables, residential
structures, nopfarm inventories, farm
inventories, and land. The potential
service flow per unit of capital stock
is the ratio of the quantity of potentisl
gross private domestic espital inpud
from fabla 11 to the index of capital
stook. The relative utilization of sapital
is the ratic of the quantity of actual to
potential gross private domestic capital
input.

Table 15.==Aotunl Cross Private Iomesth Capitel Inpat, 1950-62 (Conmtant Peices ol 1958)

Clorperala 4a; HEI'M“! Enplial Nunc&r_rl)rlﬁ o't de | Privais demesthe | Privats domatie Todes of
w?gw mpart, wrico caphtal inpat, énpital mt. captal inpat, enpiltal ing:ut, ::hﬁ“
Year indaz qaankitr inde: mel ooank ity Index frhso Index uellieatlon
%lﬂﬂ L LTS ] (bliHong of 168 w1 0 {bliMag of 1958 LR LLETT 5
Ay Anllare) : ot}
4. B LR ] .0 ik, BT 2L [, W il ]
5.1 LM e L 1L & - L 0es
5 I ST a8 T TNy ] L. 46
N ) ] .5 G ny A N 1,088
M54 58 ] - Y 5 1,08
(-] 1. .2 . 539G 148§ ) 1. 106
] L4 [ -9 . un1 JHL 1. 106
BB, 4 -1 LY 5 L8 N 1. 08
H.8 1. D L 1T 1ia1 L, O [
TA 8 1.07K 1.4 . B 183, & 108 1.092
.3 1,040 i BB =0 108 1088
8.2 1.2 L] i) 1%} 108 1. N
.4 107 L% ] XLy Lo |- LN
Magy 2

SURVEY OF CURRENT BUSINESS



Tnhla 1ii,={Zross Priuta Dimegtic (:.pﬂ-..l Input, T058=562 (Constant Prices of 1958)
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5. Measurement of Labor Input

§.1. Imtrodoction

The labor snput series used in this
paper have alse been borrewed from
P Christensen and Jorgenson. They are
very similar to our originel eeries
exgapt for the corrsction of an error
in vur original persons engaged series
fit did not contain unpaid Ismily
worlwars) and the use of quality sdjusi-
ments as extended by Griliches.” The
Chrstensen-Jorgenson. series add Kan-
drick’s estimates of unpaid family
wotkers to the OBE dats on full-time
equivalent employess und proprisiors
to arrive st a total persons enpapged
meagirs. Total man-houts in the private
domestic sentor ave also based on
Kendrick's series.?s

Christsnsen and Jorgenson insorpo-
rate our original adjostment for the
quality of the lnbor fores based on the
changing distribukion of the labor force
by yesrs of school complatad. They do
not adjust, howaver, for the changing
age-sex distribution of the labor force.
An examination of the underlying labor
force data indicates that there has heen
little relevant change in the age dis-
tribution of the amployed in the
1950-62 period. There has boen some
relative increase in the number of
young people in the labor force which
haz been largely counterbalanced by a
decline in the proportion of older
(sbove 65) employees. A pure age
adjustment wouid hava & very minor
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effest on our estimates? There has
been, however, in increnss in the
proportion of woemen in the labor
forca. We investigated the magnituda
of an sppropriate adjustment for this,
uging dates on the averape sharez of
men and women in total eartings
during the years 1958-G4, and the
number of men and women employed
in 1950 and 1958, The resulting sdjusi-
ment is somewhat smatler but of the
game order of mepnitude as  that
reported by Denisen for 1950-62.%

Wa alse attempted fo estimate a
mors detailed gualiey adjustment for
men for the I950-60 period, allowing
for changes In aducation, sge, Taos,
snd region (Scuth and non-Seuth}. The
basic deta Jor this celeulation were
talken from Miller's monograph [65]
und the assoeinted Census volumes and
refer to the population of men ““with
incoms’, betwsen the ages of 25 and
65. For this populnticn, uszing the
average of 1950 and 1960 income
shares as weights, o straight education
adjnstment nsing averaga incommes by
gducation for the population as a
whole leads to an estimatad 8.7 percent
impravement in “qualicy.” Using sep-
arate weights by region, race, aga, and
education Jesds to wn estimated 12
percent rise in total labor quulity, of
which about 11 pereent is due to the
averepe Improvement m the educs-
tional distribution within each age-
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race-region oategory -and about 1 per-
cant to the changing mix of these
catepories. In this cass, 8 more de-
taited gquelity caleulstion for men
produced a higher correction then the
gimple overall measure used by wus.
All this Iz just intendad fo indicate our
beliaf that if we had develeped =
reelly detailed age-sex-race-ragion-adn-
ration eorrection, it would as likely as
mot result in a higher rate of growth of
labor input than wes astimated hy us
5.2. Hours of work

Up to this point we have procesdad
on the sssumpiion that Acwrs per man
changed at the same rate for all cate-
gories of labor. If this is not the case, &
more detailed labor nput index is
celled for. The rate of growth in total
labor should be messured by

Los by, 2

whers 1, Is the number of workers in
the ith categery, h, sre the hovrs per
man worked by men in this category,
end

o= a2t Y A 2o o

j5 the share of the ith sategory of labor
in total labor payments {wy—waga per
hour and y,=wh,=total earnings per
mazn-yeer)., Adding and subt.ractmg
N/N and EfH, tha rate of growth in
total employment and the rate of
growth i average hours worked per
man, respacstivaly, wa Can write

5 B)

F"‘H"‘ Euf +Ev¢ o

N H
R+H+E+M

where ep=n /N ja the relative fraction
of employment accountad for by the
ith eategory and m=hfH is its rel~
ative employment intensity (per year).
EfE iz then the rate of growth of
BYerage labor “quality” per man whils
MM is the rate of growth in the

it



relative quality. of the averaga hour. In
our oxiginal computations we laft out
the M/ term, sssuming that all hours
changed proportionetely, To the extent
that theare has besn = seculs-
lar improvemeans - in the employment
sxperience of the educetsd versus
uneducated, our ndex actually wndexr-
eatimates -the “quality” improvement
iz the total labor force.
Unfortunately, the published data on
lrours and weeks worked per mern from

tion [9, 10] were not crus-u-clﬂamﬂad by
aducstion snd hence we catmnot con-
struct & compurable M/M index. Soms
idea, however, of the direction snd
order of magnitude of such an adjust-
ment ¢an be gathered from scattered
data on hours worked by occupation.-
These are summarized in table 17 and
imply about a 0.2 percent rate of
orowth per annem in the qualiy of the
average hour during the 195065 period. -

Table }{.—Averages Hoora Worked Fer Week hy Employed Pa‘rlunl at Work
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the 1950 and 1960 Censuses of Fopula-
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This, however, is somewhat of an over
estimate, aince during the - 1950-60
peried {the only one jor which: we have
dete} a similar measure of ‘'quality”
of weeks worked deteriorated. at sbout
—0.(4 percent per year (see table 18).
That is, while the dedine of hoors was
relatively smaller for some of the
“higher quality” catageries, this was
counterbalanced to some exient by the
improved sunual employment expari-
ence of several of the less well paid
ogcupetions, On net we would estimate
M{Me=(.18, which if multiplied by the
average labor share would more than
counterbalance {3.11 versus —0.09) the g
eatimated decline in oversll quality of
the laber force due to the increased
participation of Temasles.
Many of these adjustinetiis ere small §
ond well within the range of possible |
exxor in. the data. We conclude; never-
theless, that our original estimate of
the rata of growth of totsl Iabor input
stands up rather well under reexamina-
tion and that ¢ more thorough and
detailed snulyss would m wll likelihood
result in » higher rather then lower

fignire.

§.2. Price and guaniicy of lobor
servbons

The aszumption that effective labeor
services are proportionel to the stock
of lebor is obviously incorract. On the
other hand the assurption that effective
Iabor services can be messured directly
from dats on man-hours is equally in-
correct, as Denison [24] has pointad out.
The intensity of affort varies with the
number of hours workad per week, so
that effective laber inpot can be
measured accurately only if dats on
men-hours ape corrected for the affacts
of variations in the pumber of hours per
man on effective labor input. Thenison
I26] suggests that the stock of labor
provides an upper bound for effective
Iabor services while the number of
man-hours provides a lower bound. Ha
estimates effective labor inpuv by
correcting man-hours for variations in
labor intensity. We employ Denisen's
correction for intensity, but we apply
this eorrection to netuel hours per nian
rather then potential hours per man,
as in our original study.

Our current messure of labor services
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. - Table 19.~Private Domestic Labor Inpat, 1950-63
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is basad on the stock of labor as meas-
ured by persoms engaged, adjusted for
offective hours per person and for
changes in the composition of the labor
lorce by educational attainment. The
cost of Babor sarvices index i= caleu-
inted by dividing total labor compensa-
tion by the quantity index of labor
services. The number of persons en-
raged, the index of quelity chenge,
actial hours per worker, effective labor
mput per man-hour, end the quantity
of labor input for 1960-G2 are given in
table 19. The price of labor services

implicit in private domestic lahot com-
pensation iz also given in table 19. It
would obviously be desirable to mear-
porate additional aspects of labar force
composition in adjusting the stock of
labor for quality change. [t would also
be desirsble to adjust the nuwmber of
hours per man for changes in the rela-
tive number of hours worked by persoas
differing in educational attainment. But
as outlined above, this would require
a data bpse that iz much maore
detailed than anything -currently
available,

6. Measurement of Total Facter Productivity

fi.l. Introduction

Total fnctor produstivity is defined
as the ratio of real prodoet to real factor
input, or agquivalently, a= the ratic of
the price of factor input ta the produst
price. Growth in total factor produc-
tivity has o counterpart in growth of ths
price of factor input relative to the price
of output. We muay define o Diwsia
gtdex of tatal factor productivity, say

, 48:

log L, = log f — lop X,
P, P X
where ¥ s tha quantity index of tetal
product and X is the quantity index of
total factor input.

_ To obtain sn estimate of real factor
input for the UL, private domestic
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economy we combine estimates of
labor and capital input. The basic

data on labor input—numbar of per-
sons engagred, educational attainment
per person, and hours per person—are
presepted in table 19. The correspond-
ing data on eepital input—eapital
stock, potential service low per unit of
stock, and the relative utilization of
capital—are presented in kable 15.
Theindex of aducational atininment per
petson  provides an adjustment of
persons engeged for the apgregntion
hiss that resuvli= from combining dJif-
ferant types of labor into an un-
weighted aggregate. Similarly, capital
stogk iz an nnweighted sgorogate; the
mdex of potential capital sarvices per
unit of the eapital stock provides an
adjustment for aggregation biss. Fo-
tential eapital services must be adjuetad
for relative utilization to obtain the
actual flow of eapita¥ services. Wa con-
siroet price and quantity indexr nom-
bers of factor input by combining
Divizsia indexes of laber and eapital
input inko & Divisia index of total
Factor inpui. FPrice and guantity in-
dexes for 195042 are given in tahle 20,
The relative share of property compan-
sation for the same period is also given
in iable 20.

To provide a datafled accounting for
the sources of growth in real factor
inpui, we can separate the growth of
quantity indexes of labor and oapital
input into the growth of the stock,
growih in the quentity of irpus due to
shifts in composition of such unweighted
aggregates az persons engaped and cap-
itel stock or “quality change”.® and
growth 1n relative utilization. The
growsh in labor input is the sum of

Tuble W.~Gross Private Domestic Factor Inpat, 195062 (Constant Prices of 1958}
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growth m the number of persons

engaged, the quality of the Yabor force,
and the effective number of howrs per
person. The growth in eapital input is
. the sum of growth in capital stock, the
quality of eapital, snd relative utiliza-
tion. Geometrie average smhus! rates
of growth for 1950-62 are given for
each component of the growth of labor
and capitsl mpnt in table 21.

TaMe 21l —Sourced of Growth in Fastor
A58-562
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Price and quantity indexes of output
are given above in talle 3. The mdex
of total factor productivity for 195062
correaponding to the gquantity index of
output frem table 2 and the quentity
mdex of gross private domestic facior
imput from tahle 20 is given in table 22.
The conventions for measurement of
factor services underlying our someept
of pross private domestic factor mput
were employed in our originol study.
Qur revised estimates, based on those
of Christensen and Jorgenson, differ
in ‘two significant respects: -First, we
have converted the index of relative
utilization to sn annual basis and
reduced the scope of adjustments of
potentisl flows of capital services for
changes in relative utilizetion. Second,
we have measured the fow of capital

Tahle 2:.—Total Factor Produerivity, 1950=-62 (195E=1.000)

servicee for sectors distingmished -by
lIegal form -of organizetion in order to-
provide a more detailed repressntation
of the tax struoture. These differences
have an important impact on the
eatimate of total factor preductivity.

6.2. Alternative meoasuras of
productivity change

To provide & basia for comparison of
our sstimate of total factor produc-
tivity with estimntes thet result from
altarnative conventions: for the measure-
ment of real factor input, we prescut o
pumber of variants basad on alternative
accountmg conventions. 'We begin wich
an sstimate of total facter productivicy
based on the actual flow of labor and
capital services. We compere this esti-
mate with alternatives based on pofen-
tial flows of labor and capital services
and on stocks of labor and capital.
The services of consumers’ durables and
producers’ durables used by institutions
are allocated directly to final demand so
thet growth in the quantities of these
services does not affect growth of tofal
factor productivity. Similarly, the serv
ices of owmner-oconpled dwelling: amd
ipstitutional structures are ullocated
directly to final demand.

Kendrick and Solow use a stock
concept of capital input, measuring
nsither changes in relative uiilizetion
nor changes in the qualicy of capiial
services due to changes in the compa-
sition of the capital stock® Denison
waights persons engaged by an index of
labor quality that necorporates the
sffects of growth in educational sttain-
ment but differs in & number of impor-
tant respects from the index we bave

" uged.® Denison also adjusts man-hours

for changes in labor -efficiency that
accompany changes in howrs per 'man M
Solow uses - unweighted man-hours,
omitting the affects of changes in the
eomposition of the lebor force en the
quantity of leber input? Eandrick
adjusts labor and capital input for
changes in the induvsirial eomposition
of lashor force and capital stock.™
However, changes within an industjal
sector due to shifts in composition are
not ineluded in his measures of real
fastor input.

We present: measures of total factor
productivity based on potential service
flows and on stocks of labor and capitel
in table 22. The first varient on our
estimate of totel factor preductivity
omits the relative ndlization adjustment
for capitel, the second the relative
utilizaktion adjustment for laber; the
second varignt is based on poiential
gervice flows for both labor and capital
input. The third variant omita the
quelity adfustment for capital, while
the fourth omits the quality adjust-
ment For labor, providing s stock meas-
ure of total factor productivity. Two
final variants provida combinations of
elieroative measures of labor mput
with the stock measure of capital.
The fifth combines wetual labor input
with the stock of cepitel, while the
sixth combines mmweighted actual man-
howrs with capital stock, It i obvicus
from B comparizon of the alternative
estimates of total facter productivity
given in table 22 that the results sre
highly ssnzitive to the cholce of con-
ventions for messuring resl factor input
The effacts of varying the convention

—
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are summerized for the period 1950-62
- tabla 23 geownetric average annhual
rates of growth are given for each
rariant of total factar productivity.

Tahle B.alroweh in Total Facror
FProdoctivity, 1050=03
[Axeraes nnnoal rates of prowih)

_—

. Astual lhor and capital parelons_ ——-
Artual labor parvingd; Potordid r:a.p[hl sanl'luﬂ-

1
*
+ Pobential lnbor arid chRILAL cTiem . | [
1. Poberibnd Inbar surcies: aapiial ghoeks 11100000170 1.

4 Labor atul eapital gtk ____ ...
2. Actugl Tabak mevisas: aapital sl 0 TTTTTTTTC

7. Miati-Betrt and eapltabatesk_ ___________________ 1

&3, Sources of U5, economic
growith, 195062

Finally, to evaluate the relafive im-
portance of growth in resl fector input
und growth in total factor productivity
16 sources of economio growth, wa oon-
sider the relative proportion of growth
in real factor input. Geometric averaga
srnual rates of growth are given for real
produet and real factor input for 1950
62 In table 24, The relative praportion
of growth in total factor produchivity
i the growth of resl produet is alse
provided.

W find that the grawth in real fastor
input predominates in the explanation
of the growth of real product for the
period 195062, These findings are di-
rectly contrary to those of Abramovitz
[1], Eandrick [61, 2] and Solow [70]
in earlier studies of productivity change.
We have estimated real factor input on
the basis of capital stock snd actual
man-hours, the conventions used by
Sclow nnd subsequently adopted by
Arvrow, Chenary, Minhag, and Selow [3],

Teble 34.—=The Eelative Importance of Fro-
ductivity MTM
[Awarags ancunl oulet of grounh]

Grogs privals de et e produc:
Tl OodiEl e o iarmsanarmsm s namar
Lgal Ig.etwhpnl.".".........................,".
Caplig] Inpak;

$tw_l.;...3; -
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‘Total Bator prodellekty . __
Raluitve praporiips of producliviiy change__

Moy 1970

1950-62. The vesulting eatimates of the
distribution of -the - growth of resl
product between growth in real factor
input and total factor productivity are
comparable to those of Solow's earlier
atudy. On the basis of our data and
Solew's conventions total facitor pro-
ductivity grows at the average rate of
1.98 percent per year while real factor
input grows at 1.51 percent per year.
Our estimates, given in table 24, are
thai totsl Factor productivity grows at
1.03 percent per year and real factor
input at the rate of 2.42 percent per

. yesr.

We also present estimates of real
factor input based on capital stock and
actual labor input, which provide the
bast apprexdmation o the conveniions
adopied by Demison [28]. Denison finds

7, Major Issues in

7.1. Introduction

Dignison has exemined our approach
to productivity measurament in his
papar, “Some Major Issues in Produe-
tivity Analysis: An Examinetion of
Estimates by Jorgenson and Griliches™
[25]. Denison’s detailed examination of
our estimates contributes sipmificantly
to the definititem of unresolved issues
inn the measurement of total factor pro-
ductvity. This con@ibution is especial-
ly valuable in view of the underlying
agreement between our objectives and
Drenizon's objectives in his pathbreaking
studies of productivity change (26, 28],
Although the basic sgreement between
our ohjectives in productivity measura-
ment and Denison’s is reassuring, jm-
portant differences in mechods of meas-
uremeEt &nd in substantive conclusions
ramain.

We have attempted to indicaie the
guantitative magnitude of disagreement
batween Denison'’s eatimates of total
factor productivity and ours by rework-
ing our estimates in order to provide a
direct comparizon ameng the results of
three different approaches to the meas-
urament of total factor productivity—
the conventional approach, Denison's
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that total factor productivity grows at
1.87 percent per year, not adjusted for
intensity of demand. We find $hat ea-
timates of real factor input based on
our data sugzgest thab total factor pro-
duetivity grows at the average rate of
1.44 percent per year while real factor
input grows at 2.03 percent per year.
The discrepsucy between estimates
based on our conventions, given im
teble 23, mnd thoss based on capital
stock and actual labor inpat ia ac-
counted for almost entirely by our
adjustmants of the measure of capital
input  for quality change and relsiive
utilization. Denizon has incorporated
about half the growth in resl factor
input over and above the growth of
oppitel stock and actusl man-hours
mto his estimates of real factor input.

Growih Accounting

spproach, and our own approsch. We
have concemtrated on she period
1960-62 employed by Deniscn in his
most recent study, Why Grounh Rates
INffer [28]. For convenisnce of the
reader we Iollow the order of topice
in Denizon's paper [25].

7.2. Scope of product

‘Wa begin our examination of the
issues raized by Denizon with en soal-
ysis of the effects of the concapt of resl
product on the messurement of pro-
ductivity change. Denison regerds both
grose and net prolocht messures as
legitimate for productivily snalysis®
but givea priority to the net produet
messura: “Insofar as a larger ouiput
is a proper goal of sodiety and objective
of policy, it is net product that measures
the degreas of success in achiaving this
goal. Gross product i1z larger by the
value of capital consumption. There is
nc more Teason to wish to mmaximize
capitel comsumption—the quentity of
copital goods used up In production—
then there is to maximize the quon-
tity of any other intermediate prod-
uct .. e
The first problem with Denison's
arpument is that the difference be-
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twean proga. product and net produoet
is aqual to depreciation, while the
quantity of capitel goods used up in
production i equal to Teplacemsnt.
Depraciation iz equal to replacoment if
and only if the decline in efficiency of
capital poods i= geometric. Under
Denizon’s charscterization of decline in
eificiency, depreciation is not equal to
replacement, s¢ that Denison’s argu-
ment is  interpally  conradictory. ¥
This contradiction can be removed hy
defining net product as gross product
less depreciation.

In the estimates of productivity
change given in Section 6 above, the
declina in efficiency of capital goods
iz assumed &0 be geomefric so that
depreciation and replacemnent are equsl.
Gur product messure is gross product
from the producery’ poiot of view.
Under cur assumptions, Denison’s arpu-
ment justifying net product as a product
measure is irrelevant to productiviiy
measurement. Net product is sssociated
with pracisely the same measure of
the absolaie contribution of produe~
tivity chenge as gross product from
the producers’ point of wiew. Deni-
son’s arpument provides no basis for
discriminaging between net and gross
product as & bagis for productivity
measurement. Furthermore, the meas-
we of the absolute coniribution of
productivity change is the same for
cur measure of gross product and for
groas product at factor cost, the gross
product concept Denison prefers for
productivity analysis

The contribution of productivity
changa may be expressed as the abaoluie
emonat of growth im real produet
sccounted for by changes in produc-
faivity. & This contnbution is equal to
the difference between peried to period
changes ia resl product and chenges in
real factor input. The contribution of
produdtivity chenge may be expressed
relative to aay of the alternstive
conoepis of real product, gross product
from the producers’ point of wviaw,
gross product at factor cost, and net
product. Alternative mensures of rela-
tive productivity change differ only in
the cofeept of veal product employed,
not in the messure of the absoluts
contribution of productivity change.

‘We first demonstrate that the ab-
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solute contribution - of productivity
chonge ja the sams for gress product
from the producers’ point of view, gross
produat at factor cost, and net product.
The difference betwean pross produck
from the producers' point of view and
gross preduct at: factor cost is indirect
taxes on factors of production, such es
property faxes These {pxes appear as
part of hoth output and input and [eave
the absolute contribution of productiv-
ity change unaffected. The difference
batwesn pross product and net product
I8 depreciation. Depreciation also ap-
poars as part of both outpot and input,
leaving the contribution of productivity
changa unaffected. Prohlems that arise
in measuring the depreciation compo-
nent of gross capital input alao ariss in
measuring depreciation to convert gross
produet to mnet poduct. The data
raquired for messitement of gross
product from the producers’ point of
view, gross product at factor cost, and
net product are identical.

The abasolute contribution of produc-
tivity chsmge %o the growth of real
output is the difference between changes
in output snd changes in input, both
evalosted ab current priges: this is aqual
to the diferenca batween chenges in the
prices of output and inpui, each
multiplied by the correspording quen-
tity:

¥ —pX=pX—¢¥F.

The relative contribution of productiv.
ity change, say PP, is obtsined by
dividing thea absolute contribution by
the value of outpui (or aput):

“271';:? 5

Dividing output between oconsuinp-
tion and investment goods and input

between capital end labor services, the

identity between tha valua of output
and ‘the waine of input may be written:

E:.-G'HI:I =i?xK ‘l‘FLL:

where € and I are guantities of con-
sumption snd investment goods and
K and L ave quentities of capitai and
labor inpiut. The corresponding prices
are denoted ¢n & pr, snd pp. To
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repressnt. gross value: sdded, from. the
producers’ point of view we suppose for
simplicity that tax dspreciation and
aconomic. . depreciation: ara. .the same.
Under this simplifying assumption the
price of capital aerﬂnes - &y ba
writtan : &

- (,,+E.+,_-‘_gf); |

whers » is the (before-tax) rate of
return, u the rate of depreciation, and
r the rate of indirect tazation of
property. Tha mmmﬁng identity may
then be rewrikien:

geOtged =gr { ptutr— %) K+tpl.

Ydentifying the change in the aggre-
gate quantity of ouiput with the sum
of changes in consumption and invest-
ment gopds output, evaluated at cur-
rent prices, and dafining the change in
agprepate input stmilarly, the absolute
eontribution of productviiy change
mey be represented in the form:

ge O+ g~ (ﬁ-ghr—%) H%&

Ta obtain corresponding messures of
the contribution of productivity change
for alternative concepis of zocial prod-
uet, we first derive gross product at
factor cost by subtrecting the value of
property iaxes from: both sides of the
basic eccounting identity, _nhtn.ining:

O+ g0~ rK)=i ptu—L)Rtp L.

DBafining - the absolute ﬁuﬁtrihut.ion of
productivity chaope as before we
ohtain;

3 e g
gol+gull—rB)—gr(p+a qr)ri pul
=geli+ged—gr ﬂ+u+f—$) K—pk

which is identical to the contribution
of productivity change for pross prod-
uct from the producers’ point of
vigw.

Second, we derive nat product by
subtracting the valua of depreciation
from both gides of the ll‘.lalltlt-j?' Ziven
sbove:
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g0+ gll~(rHAE]
| . = F—E-)E+P5L

The ramﬂtm.g' massure of the a.baulutg

eontribution of producdrity. changs is

the Samue 88 for gruss va!uu added :

ch-'r'-l'ﬂrlf— {f-l-u}ﬁ]
—'m(n-% K—p.L

=gaé+m¥ G u#r—%)H—PpL-

We conclude that the messare of
productivity change in absolute terms
iz the ssme for all thres concapts of
real product we have considersd—
groas product drom  the producers'
point of view, gross product atb fector
coat, wnd net product. The sbsolute
contribution of produchvity change
may -ba expressad relative o aay
messure of output. Alternative mens-
ures of relative productivity change
differ in the concept of ontput
employed as a standard of comparisen,
but net in the measure of the abeoluts
contribution of productivity change.

The sbsolute contribntion of pro-
ductivity change has the importeat
property that the contribution to the
growth of the economiy as a whola is
the sum of contributions to the growth
of imdividual sectors. This property is
maintained for messures of output of
an' aconomic sector that include inter-
mediate goods pifchased {rom other
sectors, as in Interindustry studies.
Intermediate goodes appear o real
ontput in the sector of origin and real
input in the sectoxr of destination.
Changes in the output of intermediate
grods cancel out m any measure of
the contribntion of productivity change
t¢ the economy as & whola.

In our original estimaies we used
gross produet at merket prices; wa now
employ gross product from the pro-
ducers’ point of view, which ineludes
indirest taxes levied on factor outlay,
but exeludes indirect taxes levied on
output. Denison employs net product,
which excludes all indiveot taxes andg
deprecistion along with a number of
minor items. Chur vevised product meas-

May 1972

ure covers the private domeatic eeon-
oy, -incorporsting the. services of
durables used by housaholds snd insti-
tutiona along with the services of
structuren used im €his sector, Cur
original produnt measure did not include
the zervices of durables vsed by house-
holds and institations. Denison covers
tha entire nationa! economy. Our re-
vised produoct measars providss for &
mere satisfactory treatment of indirect
taxes, It also treats durahlea Sy
metrically with structures in the houﬂa-
hold sacter,

. To reconeils our revized product
measure with Denison’s it would be-

-necessnry to exclude the szervices of

durables nsed by households and in-
stitutions and to eliminate indirect
taxes and depreciation al replacement
cost. The product of government snd
rest of the world secicrs would have to
be added. None of these changes would
alter our estimate of the absolute con-
tribution of productivity change. Any
difference in percentage ratea of growth
of total factor productivity would be
due to the preduct messure relative to
which productivity chenge is expressed.
The more comprebensive the product
measure tha less the relative xate of
growth of total facter produetivity
sasociated with any sbeolute contsi-
bution of productivity change. To ad-
just estimataa of the relaiive growth of
total factor productivity based on our
date to a met nalonal product basis,
percentege vates of growth shonid be
muliiphed by the ratio of gross product
to nst nationsl product in ench period.
A ivaifer adjustment can he made to
convert relativa rates of grawth of total
facter productivity to any other prod-
nct measurs,

7-3. Index numbers

To separete flows of preduct and
factor outlay into prices snd quantities,
wg introduce price snd quantity mdex
numbers, As an example, suppose that
there &re m uomponan.ta to the value of
qutput,

gF=nYi4+aF+ - . . +3u¥Fn

Index nombars for the price of output
1 and the quantity of sutput ¥ may be
defined in terms of the prices [q,] and
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quantities (¥ of the m components.
Differentisting the valus of gutput
totally with respect to time and divid-
ing both mides hy total valua,

i, ¥ 4 f’j.
Q.+1_r‘='2‘w ﬂi+? 4
welghia [w.] are the Tolative shares of

the value of the ith ountput:

e
We defing the price and quantity in-
dexes of output as weighted averages of
rates of growth of prices and quan-
tities of individual components:

_=Z'w H! ?=wa
chtaining Divisia price and guaniity
indexes.“ Rates of growth of the Divisia
indexes of prices and guantities add up
to the rate of growth of the value (factor
reversal test) end are symmetric in
different directions of fime (Hme re-
versal teat). A Divigia index of Diviais
indexes iz & Divisia index of f(he
coluponents.

For spplication to date for discrate
poinds of time an approximation to the
continuows Divisia indexes is required.
Price apd quantity index numbers
ariginally discussed by Fisher [31] have
been smployed for this purposs by
Tornquist [T4):

1og ¢ — log ge-u = Z5ty, ﬂﬂﬁf

44, el

log ¥e—log ¥y = w0y Elo%ng"

’l-l

whera the waeights W%, are arithmetic
nverages of the ralative shaeres in the
two periode,

- I 1
w1:=§ ‘Wﬂ-!-ﬁ Wy, -t

A discrete Divisin index of discrete
Divisis Indexes is a discrete Divisia
index of the components. Divisin index
numbers for discrate time are also sym-
metric in data of differant Gme pericds
fiime reversal). Theil [72] has demon-
sirated that the sum of changes in
logurithms of discrete Divisia indexes
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of prica and quantify is approximately
equal to the change in the logarithm of
the value (factor reversal). It is con-
veniant & have the prodeit of price
and quantity indexes equal o the
welee of transactions, so that we con-
struct discrete Divisia price indexes as
the valve in current prices divided by
the diserate Divisis quantity index.

The estimates of Christensen and
Jorganson [18, 20] are based on o differ-
ent discreie approximation bo Divisia
index numbers from that employed in
our original sstimates; the resulta are
essentially unaffectad for the period
1850-62. Denison's astimaies are based
on an alternative dizerete opprox-
meton. The three approximations ap-
‘pear to produce essentially similar re-
sults. Our approximation satisfies both
time reversal and, approximstely, factor
reversal tests for index numbers,

7.4, Capitel and labor weights

The wvalue of labor input inciudes
labor compensstion of employees and
the self-empioyed. Our estimates of the
labor compensation of the self-emplayad
ara based on the assumption that aver-
age labor compensation of the self-
employed in each aector is equal to
avarage labor compensation of full-time
equivelant employees in each sector.
This method of imputation of the labap
compensztion of tha sali-employed is
only one of many that have been pro-
pozad. Our arigingl method did not sap-
arate Inhor and propeity compoenenig of
noncorporate income by industrial
gector. Chur new method, discossed in
detail by Christenaen [13], has the effect
of allocating a larger share of factor
outlay $o capitel, overcoming Denisen®s
objection to our originel method.* The
resuiting rates of return in corporate
and noncorporate sactors are essentially
the sume, taldng inte necount the sffect
of the oorporate income $ax. The re-
vised allocation of noncorporats income
peemd to us to ba guperior to our original
allosation and to Denison’s slloeation.*

SBecond, the concept of gross produst
from the producars’ point of view an-
ables us to sliminate an seror i our
originel allogation of indirect tax ha-
bility.* Our original concept of gross

B4

product at mérket prices included. sales
and excise taxes and cusioms duties in
the earnings of capital. Our present
sstimates include only taxes levied an
income from property. This measure of
capital earnings is the appropriate ens,
given our conocept of gross product from
the producers’ point of view, The im-
plied weights for labor and capital meet,
Denison’s objections to our original
treatment of indirect business taxes.”

7.5 Waights For mmpamnts qf
capitel and land

The major difference between our
messure of total factor inpui and
Depison’s is in the essiponment of rela-
bive weights to components of land
and capital input. Ap ideal measure
of capital ipput is strictly analogous
to an ideal messura of labor imput.
Both maasures combine rates of growth
of individusl compenenis inte an over-

all rate of growth, vsing relative sheres .

of the indiridual componenis as
weights, While factor shares for com-
ponsnts of labor can be eatimated from
data on wages and employmant, factor
shares for components of capital must
be¢ mputed from accounting data on
tptal property income. The problem for
yproduetivity mensurement is to provide
& practical method for carrying out this
esecounting impatation. Our method of
imputation is described In detall in Sec-
tien 3 above.

Our criginal estimates, like those of
Dienigon, distinpuished altarnative oapi-
tal mputs by class of asset. For the
privete domestic economy ws dis-
tinguichad among five categories of
assets—land, residentinl straetures,
nonresidential structures, equipment,
apnd inventories. For this esctor of the
econemy Denison  distinguishes he-
tweon Tesidential and monresidential
lend; otherwise ths hresledown of
pssets in the same. Neither of these
brealdowns ia fully satisiectory for the
incorporation of the effects of the tax
structure on property income.

In our revised estimaies invengories
are allocated beiween farm and non-
farm sasctors and consumers’ durables
ere mirgduced az a new and saperate
clase of assets. Each of the seven clusses
of aseets is then allocated smong sectors
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that differ in legul form of organizatiop
—corporste, noncorporate, shd bousa
holds and institutions. We  assume,
following Christansen snd Jorgenson
18], that the rates of return om al|
assets held within a given sector are the
same. Property income in the corporats
sector is subjact to both ccrporate and
personal income tazes. Noncorporate
property income is subjecé only to the
personal income tax. The property
income of bmizeholds and institutingg
iz subject to neither tax. This new, mote
detailed, asset classification ennbles us
to meet & number of velid objections
Denison haz raised ite our oripinal
treatment of the tax structured*

Our new estimates incorporate the
tax stracture for property iscome in &
moara satisfactory way than our original
estimates. Prupert.y taxes are separated
from other esrnings from capital end
troated as tax deductible for income
tax purpeses. Pepreciation for tex
purposesz is incorporatad &t its present
value for the lifatima of an asset, so that
the effects of acceleratad depreciation
ore simultenepus with the sdoption of
the depreciation provisions of the
Internal Rewvenue Aet of 1954, Qur
revisad estimates also ineorporate the
invastment tax erodit adopted in 1962,
The rate of the investment tax credit
pnd the rate of the corporate income tax
gro  effective rates, mensured from
national ascounting data.

Denigen incorporstes part of the tax
stroeture implicitly by exeluding prop-
arty taxes from his measure of socisl
product. Thie procedurs iz equivalent
te our ireatment of property taxes
for the purposes of measuring absaluts
productivity change. Denizon’s esti-
mates do not take explicit account of
direct taxation of income from property.
He distinguishes among property in-
come in housing, agricultural, and sll
other sectors of the economy, but this
breakdown of the economy does not
coincide with the breakdown associated
with the structure of taxation of prop-
erty income. The availability of data
on property income by legel form of
orgonization from the T1.5. national
accounts makes it possible t¢ improve
on Denison’s treatment of property
meome sod on our original sstimates.
We conclude that Denison’s classifica-
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tipn-of sasela, lilka our original classifics-
tion, fails to capture differemcés in
direct taxation of property income. for
enterprises that differ in logal form' of
organization. Denison's estimates of
property . income fall to incorporaie
depreciation’ for tax purpeses snd the
investment tex credit in a satisfactory
way. :

The ratez of return included -in -our
capital service prices sre real rates of
return rather then nominal rates of
return. Mominal rates are sssumed to
be the same for all assets within a
given secter. Real rates differ by
differentials betwaen rates of growth
of aszet pricas for different classes of
azsels. The alloention of property
income amobgz asset classes depends on
differentials smong rates of growth
of prices. If all asset prices are prowing
nt the same rate, real rates of return
are the same for sall asseis within
sach sector. Denizen objacts to the
uee of real rates of retwm on the
grounds that price changes in assets
other than land are always unantiei-
pated.*® His proposed procedure would
amonnt to ignoring differantialz arnong
asaets other than land and to setting
the differential between land and othar
aseais equal 2o the rate of growth of
land prices. For the 195062 period
land prices grow more rapidly than
othar asset prices, but thers is sub-
stantial inflation in the price of sbrue-
tures and producers’ dursbles. On the
| other hand the price of farm inven-

tories actually falls. It is clear that
Denizon’s proposad procedure, or his
actngl practice of ipnoring differential
rates of Inflation,® introduces distor-
tione in the alloeation of property
ineoms among assat classes.

A serious secounting problem arises
in attempting to integrate Denison’s
proposed allocation of property income
among assatz inte hational scecunts
for saving and wealth. Chenges in the
valwe of national wealth are equal to
gaving plus capital gains from  the
revalnation of assets. Saving is equal
to labor ineome less consumption plus
property income less depreciation.
Theea dafinitions hold for individusl
wedlth holders as well as for the
economy as A whole. Capital gainse
from the revaluation of assets must be
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taken into--account in’ allocating pro-
perty income among capital assets and,
implicitly, among individual wealth
holders. Tha changes in the value of
assets that enter individual and national
woalth sccounts must be consistent
with the property income atiributed to
those assets in individual and nattonal
income accounts. The vse of real rabes
of Yeturn is necessitated by internal
consistency of the complete system of
nationg] accounts, Capital gains should
be incorporated into the allccation
o property income among clesses of
amaetz, Donison is in error, not only
in failing to teke capital gains inio
account in meesuring income from
lard, but in omitiing cepitel gains i
measuring income from other assets®
We conclude that Denison’s proposed
allocation of property income among
asets iz inconsistent with the integra-
tion of property income into indi-
vidual and natjonal accounts for saving
and wealth.

Finally, Denison defends Eendrick’s
axclusion of deprecistion on the grounds
that Eendrick uses net product and net
sarnings from capital in measuzing
total factor productivity ® Actually,
Kendriek employs both net and gross
measuraz of output snd uses net earn-
ings for allocating property income for
both, which 15 the error we originally
poinied out® Denison is in error in
asserting thaf we recommend the inclu-
sion of depreciation in weights for the
analysis of net product and in associet-
ing himrslf with Eendrick's weighting
schamg &

The most serious problem with
Denison’s treatment of depreciation is
the lack of consistency baiween depre-
cintion as it enters hiz maasure of real
product and the corresponding trest-
ment of capital assets in his measure of
real factor input. In Section 3.2 above
we have outlined a perpetusl inventory
method for measurement of deprecig-
tion and capital sssets based on the
assumption that the service flow from
an investment good declines peometid-
cally. To deseribe Denison’s -method,
we must peneralize our treatment to
alternative azsumplions about the time
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pattern of the service flow. We sssume
that the relative esfficiency of the ith
investment good may be described by a
sequence of nonnegative numbars,

i'.im,. dii - e e o.

Denison points out, correctly, that
a capital input messure depends on the
reiative efficiency of eepital goods of
different sges: '

In principle, the selection of &
capital imput measure should de-
pend on the changes thet cccur in
the shility of 2 capital geod o
contribute to net production as
the good grows older (within the
span of its economic life). Tse of
net stock, with depreciation com-
puted by tha straight line formula,
would imply thei this ability drops
very rapidiy—that it 3a reduced by
one-fourth when one-fourik of the
service life has passed, snd by
nine-tenths when mnine-tenths of
the service life has passed. Use of
eross stock would imply that this
ability is constant throughout the
service life of a capital gaood. %

Denison argues, further, that:

I believe that net valus typically
declines more rapidly than does
the ability of a capita]l good to
contribute to production. . ., On
the other hand, the gross stock
assumption of constant services
throughout the life of an asset is
axtreme, *

Under our assumption, that decline in
sfficiency is gecmetric:

dm {1 —pgt, (r=al,l, .. ).

Under Denieon's gross stoek assump-
tion relative efficiency is coustant over
the econoraie lifetime of the equipment:

d[‘r= 1} {T=ﬂ',l, + % oy Tl-ul},
where T iz economic lifetime of the
ith investment good. Under Denison’s
net stook assumpiion, efficiency de-
clines limearly
1

du=l—gr  (r=0L..., T,

whara -ilr ts the rate of decreass in
E
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efficiency of the l.t.h inveatment good
from period to pario

E!apital st.uck CE thaandni the period,
aay K., is tha aum of past investmeants,
say {1, .-} ench weighted by its relative
efficiency:

Ku=§ dlrIi. =1

With a geometric dacline in efficiency
wa obtein the capital stook measures
used in Section 3 ahove. With con-
stant relative officiency we obtain
Denison's gross stock measure; with
linear dacline in relative efficiancy, we
obtain Denizon’s net stock mesasurs, In
Denizon’s atudy, Jowrcez of Evonomic
GFrowth {20], gross stock is employed as
& mensure of capital inpat. In Wy
Growth Rotes Differ [28, p. 141] an
mithmetic sverage of prose stock amd
net stock is emploved; the implied
relative efficiency of capital goods is an
average of constant and linearly de-

clining relstive efficiency,

d;,_l—%ﬂ T {r=0,1,..., T =—1)

where%mbhemtenfdmmm
L

eificiency.

Replacement requirements, say B,
ars » weighted everage of past invest-

ments with weights given by the

mortality distribution:
RI!=.EI Weind st

whera:

"-i¥=_(dk_di,h]}| {T=lp2, [ a)+
For poometric decline in efficiency,
replacement requirements are propor-
ticnal to capital stock,

Bu=a lKi, =1+

Turning to asset snd service prices,
tha price of the ith ssset is equal to the
discounted value of future services:

Ger —E 2 it 1+r Psnl-tdl' Fmpe

Depreciation on a8 capital good 8 &
weightad average of future rental pricas

36

with weights given h} -the mortalicy
distribation:

o = rll-l 1 ’ s
Fir -EI '_Erlm?n I-'-H. LU

For geomatric dacﬁﬂe in efficdency

depreciation is proportioasl to the asset.

price:
¢”=pcgo
Daprecintion. end replacament muat
ba carefully distinguished in order to
preserve congistency between the treat-
ment of capital serviesa and the

treatment of capital assets. Dlepracia-

tion is & compoment of the prica of
capital services. The velue of capital
services i3 equal to property iheoma,
including depreciation. Beplacement is
the consequence of & reduction in the
efficiency of capital assets or, in
Deanison’s langusge, the sbility of =&
capital good  to contribute to produc-
tion. The value of depreciation is
equal o the value of replacement if and
only if decline in efficiency is geometric:

Ennxc. r-|‘=FiE1:‘E:.1-1-EnARu+

Otherwise, replacement amd depre-
ciation are not equal to each other.
Replacemant refleats the current decline
in efficiency of all capital goods ac-
quired in the past. Depreciation reflects
tha current value (present dizecunted
value) of all foture dechines in effiviency
on all eapital goods,

A confusion betwean depreciation
and rmplacement pervades Denison'’s
treatment of real product, real factor
input, end cspitel stock., The firat
indication of this sonfusion iz Denison's
defipition of net product: “Net product
mausures the amount a nation consumea
plus the addition it males to its capital
atook. Stated snother way, it is the
amount of its output & nedion could
consume withoui chaoging its stock
of capital.” ¥ The correct definition of
net produot is gross product less
depracintion; thiz iz the definition
suggestad by Demison's second state-
ment quoted above, Tha firat atate-
ment defines net produet as groas
product lass replacement, sinee - the
addition to eapital stoek in equal to
vestment Jees replacamant. Tha two
definitions ara comsistent if and only if
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depreciation is equal to replacernent,
that.is, if and ouly if declins in eﬁmenny
is geopaetric. - ..

Denison maasures: -:mpu.nl mnaump—
tion. allowaness on the bagis of Bullatin
F lives and the straight line method.®
Under the assumption  that relative
efficiency (Denison’s “ahbility to con-
tribute” to production) declines lin-
early, this estimate corresponds io re-

‘placement rathar than depreciation. To

measura net product Denison -raduces
gross product by his estimate of papitsl
consumption allowances.® Since his
estimate of capital consumption allow-
ances iz & messure of replacement, this
procedure employs the incorrect defini-
tion of net product as consumpidon
plus investinent less replacement. This
inappropriate measure of net produce
i5s Teduced by labor compensaefion to
obtain property income net of capital
voneumption allowaness, Thus, Deni-
gon's measure of property incoms is alse
net of replscement rather than de-
preciadon. This etromeous measure is
allocated sinong capitel inpuis to obisin
weights employed in messuring capital
input sa a component of real facior
inpui; Denison's weights for different
components of capital input are meas-
ured incerrsctly. These weighis should
reflevi property income lezs deprecia-
tion; m fact, they reflect property
income less raplacemant.

The final confusion in Derison’s
treatmant of capital in Why Growth
Bates Differ (28] arisea in the adoption
of an arithmetic average of proes and
nat stock as a measurs of capital input.
As indicatsd above, this measura of
capital input implies that efficiency
declinea linesrdy vup to the end of an
assat's econotnic lifetims; at that point
half the s=at'zs “shility to contrdbute”
to produstion remains so that all the
remaining decline in efficiency tales
plece in one year. Denieon’s measurs of
¢apitul consumption allewances by the
straight-line method fsils to measure
githar replacoment or daprecistion. We
conclude that Dehison’s treatment of
copital consumption allowances in the
messurement of net product and net
factor input s inconsistent with his
trestment of ocapital eesats in the
mesaure of real’ capital input that is in-
corporated imto his meesure of real
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factir. input. A similay problem srises
in. Penison’s earlier atudy, Sotrces  of
Ennmsc Frowth [26]. Thera gross
product is - amplnjed B8 & messure of
capital input® Denison’s messure of
capital -consumption: sllewances - cor-
responds to replacement - rather than
depreciation so that his measures of net
product end net factor input are in-
consistent with his messure of oupltal
inpat. .
Wo assume theé the decline in effi-
ciency of capital goods 13 geomairio;
+ under thiz assumption depreciation and
replacement are equal, so that the
inconeistancies in Denison's procadurs
outlined sbove de¢ not armse, I we were
$0 sssume thai the dechne in sferency
is linesr, us in Denison’s arithmetic
. sverage of net and gross stoek, depre-
ciation would ba wessured differently
from replacement. The first step would
ba to estimata the valus of cepital assats
of each age 8t each point of fime as the
discoontad value of future capital serv-
ices. This is the definition of net stock
sugpested by Denison,® but aot the
definition used in his messure of net
stock, which is net of replacement
rather than net of deprecistion ™ The
gacond step would be to estimate de-
preciation on capital goods of aach age
by discounting the mertality distribu-
tiom, 8 indicated wbove in the definition
of deprecintion g, P. The third step weuld
be to obtein total depreciation as the
sum over all types of capitel paode and
all ages. Only at thiz point wonld it
be possible t0 mepanra net produat an
gross product less depracition. '
It is clear that the selection of an
appropriate assumption sbout the de-
cline in efficiency of capita) goodsis both
importent and difficolt. We selected
geometrically daclining efficiency on the
basis of its convenience and consistency
with scattered empirical evidence. Tha
available evidence arises from two
sources—atudies of replecement invesi-
ment and studies of depreciation in
the mexket prices of ocapital goods,
Geornetric decline in efficiency has baen
etnployed by Hickman and by Hall and
Jorgerson in studies of investment.™
This assumplion hes been tested by
Meyer and Kuh, who find ne effeot of
the age distribution of capitel steck in
the determinetion of replacement in-
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vestment.* (Geometric decline in ef-
ficiency has been employed in the study
of depreciation on capitel ponds by
Casgan, ' Griliches, and Wykoff * This
sgsumption hes been tested by Hall,
who finds no.effect of the age of a capi-
tal good in the determination of de-
preciation as measured from the prices
of used capitel goods® The power of
these tests is not high and some contrary
evidence is presemted by Grilichea®
Nevertheless, the weight of the evidence
puggests that Denison's trestment of
capital could he radically simplified and
made internglly consistent by adopting
our assumpiion of geometric decline in
efficiency of capital goods. Any alterna-
five sssumption sbout the deoline in
efficiency requires redefinition of Deni-
son’s measures of replacament, depre-
eiation, and capital stock to make them
cohsstant. _

A conceptial izsne that can be clari-
fied at this point is the robe of disaggre-
gation in the messurement of real
product and raal faster input. Our
originsl presentation included an exten-
#ive dispussion of two alternative con-
vepts of 'quality change” in produe-
tivity analysis?® We indicated that

quality change in the cense of “aggre-

gation arror”’ should be eliminated by
disagprapating product snd factor input
IeasuTas 50 a8 to twest distinet prod-
nets snd factors 83 separate commodi-
tias wherevar possible. The term quality
change iz often used in a different
sense, Hstimates of quality change are
sometimes made by atixributing changes
in productivity to changes in the gqual-
ity of a particuler factor srithous

A partieularly praphic axample of
inappropriste vse of quality change
pccurs in the analysis of the “‘vintage™
model of capital. The correct measure
of quality change across vintages would
raquirs date on the paica and quantity
of capital services for each viniage at
etch point of time. Apgrezation over
vintages could then be carried gut in
the same wey as any other iyps of
aggregation and bisses due {0 quelity
chenge could be eliminated.” In the
sbsance of the required data, produc-
tivity chenge itself has bean employed
t0 estimate the quantity of capital
input corrected for quality chanpe.™
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Denison registers disagreement with
this approsch to the problem of guality
change; ™ in - foct, our view of - this
problem is identical to Denison’s.

Tf it were possible to impiement our
origing! suggestion that different vin-
tages of capital poods be weighted in
measuring capital input by their mar-
ginal products, this wauld not have the
effect of incarporatding “smbodied”
technical progress, as Dendson [25, p.
26] suggestz. In facté the positich
sttributed te ws by Deanison, the wse
of “wnmensured” quality change to
correct oapital input for changes in
quelity by vintage, is precisaly the
position we originally rejected [60, p
260]. O course implementation of cur
suggastion would requirs data on serv-
ice prices by vintage af each poink of
time,

7.6. Measurement of capital and
land

Our sstimntes of the walue of land
nre revised considerably from the Gold-
smith estimates employed in ouwr orig-
inal paper.™ While we heve sssumad
that nonresidential land has remained
consiant, thiz assumption could be
impreved upon. There are scattored
date on types of land, their relative
valys, and the changing composition
of land actually in vee in the private
economy. Very little of the investment
related to shifta of 1and from one cate-
gory of use to snother iz captured in
the standsrd investment series. Some
of these investments are directly ex-
pensed and others ave povernment sub-
sidized. A rongh mensure of the affecia
of ehifts in the usa of land to higher
valued wrban uses from 1945 to 1958
can be constructed from Goldsmith's
data. Land input rises 1.4 percent per
year by this mepsurs,™ If this fipurs
were extrapolated to the 1950-62 period
it would raise our estimated growth of
total factor input by 0.14 percent per
Fear. '

Our gztimatea of the stocks of inven-
tories and depreciable asssts sre based
on those of OBE. Estimates of depreci-
able amsetz for corporste and noncor-
porate zactors are based on the OBE
Capital Goods Study [49]. Qur perpatual
inventory estimates of stocks of resi-
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dentisl structures and dursbles used by
households ara based on methods simi-
ler €0 those employed .in the Capital
Gocdz Study. The main difference be-
twoen our eatimates of eapital stock and
Penison’s is in our use of declining bal-
ance depreciation. Denigon nses a mix-
ture of the one-hossshay and thae
" piraight-line method, ™ which gives rise
to the problems in maintianing internsl
consitency smong depreciation, re-
placement, and capital stock outlined
above.

Chir originsl estimates of capital input
were based on price indexes that at-
tempted to correst for various hbiases
in the deflators employed in the TS,
national accounts. Since u positive bias
in the invesiment goods prics index
rasulta in underestimation of the growth
of both preduct and capital input,
correction of bisses does not affect
estimates of total factor produwetivity
substantinlly. Our present estifmates,
based on those of Christensen and Jor-
genson [19, 20] sre conservabive in the
choice of price deflators. We use na-
tional accounts deflators éxcept for
structures; for both residential and
nonresidential structures we employ
OBE “copstant cost 2 es a price de-
flator. ™ We also incorporate both asset
and investment deflatcrs lor invantories,
ovorcoining another of Denison’s objec-
tions to our original estimates. ™ Finally,
we did net replace the producers’ dura-
ble equipment price index by the com-
parable consumers' durable series, a
practice Denison objects to but which
we have defended above. ' Thus, there
is no prectical difference betwean the
price series we wse and those recom-
mended by Danison,

7.7. Utilisabor adjustmont

Denison direets his strongest criti-
cisms, and correctly so, against what is
prokably the weakest link in our chain.
While we have accepted most of his
ariticism, we still beliave that the
question posed by our atilization ad-
justment is interesting, the numbers
uged wre not all that bad, and some-
thing has been learned from this
exercise.

Denison’s criticisms can be sum-
marized under the following headings:

(1) the basic numbers asre faulty
{because of cyclical and weaighting
problems);
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{2) they are extrapolatad too widely,
from electric motors in manufactoring
to “lewarything”;

{5} they are misused by not allowxng
for double counting, i.e., -these changes
are due to other inpuis and henes have
alvendy been wmeasured;

{4) they sre misinterpreted as- an
increaze in ioput rather. {han an
advancement in Enowledge.

We hzve réviewed our adjustment for
relative utilizntion In Section 4 above,
Qur 1evised estimates differ very sulb-
stentially from our originel estinates,
In the originel estimates we sstimaied
the contribution of utilization to the
sxplanation of growth in total factor
productivity st 0.58 perceni per year.
By reducing the scope of the adjust-
ment t0 business structures and equip-
meit and by incorporating annual esti-
mates of horsepower or capacity, we
have reduced the contribution of utili-
zation to 0.11 percent per ysar for the
period 1#50-62. This mey be conirasted
with Denison’s estimate of —0.04 per-
cend per year for the same period.

Denison points out that we do noi
discuss the “‘sources” of changes in
utilizetion rates snd wonders if there
has been some doubls counting, We de
not sea why the possibility of a change
in machine-hours per year per mochine
is more mysterious than & change in
man-hours par man-yesar. Obwviously,
there is & need for an explanation of
the sources of such changes and an
shalysis of the prospecta for edditional
such changes in'the future. Although we
have nat provided such an explanstion,
we did point out and locolize whet may
be an important source of observed
growth in output. An aitribution of
growth to Investment, education, re-
searoh and develepment, economies of
scalg, or capacity utilization is always
just the beginning of & relevant line of
snalysis. But that is as fer as one zan
go within the framework of national
Mmcoms sccounting. A more “cansal’”
analysis requires different models, tools,
and data.

As to the aciuai points enumerated
by Denison, we ses no evidence thab
the sources of such utilization changes
have alrendy been counted in the other
inputs. There is no svidance that our
rather faulty machinery price deflators
‘heve sllowed for such imprevemsents
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. tion, be they instibubonal or n con-

in the auality of capital. Nor is there
any evidence that this hes been alresdy '
epounted in - che contribution, of labor !
or inventory input. For exmmple, - the
ratic of inventories to shipments in
manufactiring has remained virtoally
wnchanged batween 1947 and 19657
From' our pomt of view, the masin
difficuliy with the capacity utilization
adjustment is that it is not wrdiculated
well with owr theory and messurernent
of eapital services and their renta]
prices. Wa lack an explicit theory of |
capacity utilization. Tt is eithér a
digequilibritm phenomenon, or iz re- |
lated to- differential coste of working
people and machines at diflerent hours
of the day snd different dsys of the
year. Neoither case fits well into the
equilibriem, alt - prices - are - agualizad,
framework of national income acesunts.
Omne possible basis for-snch a theory i
to make depreciation & function of
uiilization. Thus, industriez whete ma-
chines worked = higher number of
hours per year would have a higher
rate of depreciation. In such & warid,
a mix chenge such as dikcussed by
Drepison would show up as an increasa
in aggregate capital ioput, with the
weight of mdustries with higher &s
increasmg in the total. And from cur
point of view, this would be s correct |
interpretation of the date. An economy |
that succeeded in recovering its capital
in & shorter period would in fact ex-
perience 8 growth in output, and our
measire would provide an “explena-
tion" for it. |
The issus whether this growth should |
be attributed to “advances in knowl-
adga” or to increasa in Finputs’, is
ultimately a semantic one. What is
important is t¢ know whenee it has
come, not what itz name is. Wa don't .
think it very fruitful to pub utilization |
into the “advences in knowledge™ cate-
gory becausa (a) the latter is alrepdy &
“residual’’ category and throwing some-
thing more inte it will just muddle up
tis meaning further, and (b) the types .
of changa which are likely to be the
sources of the increased rates of utiliza-

sequance of changing relative searcifies
of mochine wersus humsn Hme, are
only very vaguely snd probably mis-
leadingly ralated to the idess associated
with the concept of “advances in
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knowledge”. In sny cise, our contribu-
Hon was to isolate end identiiy a
potentially important spurce of growih.
Gince we have nat really ‘“‘axplained*
it, snd we agrea that this is the im-
portant nexi task, we are unwilling to
argue too much over “naming”’ is. We
find it more convenient to work within
4 broader definition of *nput,” rmind-
mizing thereby the role of the smor-
phous “Tesidual.” But we concede that
the same questions can be alsc asked in

a different language.

7.8. Labor input .

Our methods for measuring lubor
input are similar to Denison’s, except
that Denison reduces the observed
income differentisls among components
of tha labor force classified by Fears of
school completed to allow for the
correletion betwseen education and
“ghility.” At the zame time, Denison
also- makes an adjustment for the
increase n the length of the achool
woar over time. ¥We have made neither
of these adjustments snd have come
out te about the same pumbers &s
Devisen, indicating &hat these two
adjustments just about cancel out.
Elsawhere one of us has argued chat
Danison’s ““ability” sdjustment may
he too lerge.” Thus, if wa had made
a smaller sbility adjnstment snd hed
actepted Denjson’s “‘days per school
veir” adjustment our tatal labor input
would probably grow somewhat faster
ovar most of thizs pericd.

Our labor input measure s very
similer to Denison's, Carefvl exarmina-
tion of the issues raied by Denison
leads us o the conclusion that gur
originel estimate of labar input ¢an be
left unchanged. This estimate has been
incorporsted inte our measure of total
Inctor productivity, but with s relative
waight thet differs dwe {0 chaizes in
out method for allocating noncorporate
meome between labior and capital.
Wz have also corrected the error of
smitting unpeid family workers from
our estimetes of persons engaged; this
leaves the fing) results unaffected.

79, Conclusions and suggestions for
Jurthor ressarch

We have summarized the differences
among our estlmebes of the reie of
growth af total factor productivity for
the period 1050-62, based on the
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rasulte of Christensen. and Jorgenson
[20];, our original estimates [60], and
Denison’s estimates [28]. At this peint
it is useful to compare these alternative
estimates and to attempt s reconeili-
stion among them; a partial reconcilie-
tion is given in table 25. From thi=
comparison it is apparent that cur new
estimates ropresent a compromise bae-
tween our original position and Deni-
son's posidon. Relerring to iable 26,
We ey 10w suramarize our conglusions,
From an empivical point of view the
greatest differsnces among vur eriginal
estimates, our revised .estimates, and
Denison's catimates are in the adjust-
ment for uiilization of resources. Deni-
son estimates thet the utilization of
resourdes declines betwaen 1050 and
1862, We estimate that wtilization
inersased, but by considerably lees
thanr we originaliy suggesied. The
revision in our adjustment for relative
utilization aecccunts for 0.47 percent
per year of the totel discrepancy of
(.73 percent per year batween our
origing] eztimste of the rate of prowth
of total factor productivity and our
reviged estimate.

From & conceptusl point of view the
greatest difference smong alternative
procadures is in the allocation of incoma
from property among its eomponents.
Excapt for our assumption that replace-
ment raguirements should be estimated
by the double declining halance for-
mule, our estimates of capital stock
for ench class of asseis are very similar
to Denizon’s estimates. Qur estimates
of eapital input diffar very substantially
from his due to differences in treatment of
the tax strustute for property income,
the use of real rates of return rather
than ncminal rates for each class of
azsets, and the vse of declining balance
Table 25.—Reconciliation «f Alteroative

Estimates of Growth n Total Factor
Productivity, 1990=62

[peroemt per yaar)
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Thanbgan WESLEERE e e =i, M

nlsom, mugrmud. bbe B, e e
%mpm T P R | L&
Thanimn, et imbed, e GBLs. oo oececesssaoocoooom JodE

CTapilal input:
Wby chaups . . ]
3“11: ulgll:mnm:'mm ............... 11
bl (irlliehas, sdipeted, revined _______ ... 108
"m:im uuhlﬁmun sdldsivant ... A '
LLLTIL L LT T . |
Torgetvnt- Grilichit, ddjusbed, seizinal. . ... .. . 1]

SURVEY OF CURRENT BUSINESS

deprecistion nod replacement. Part of
the vnexplained residusl betwesn ous
version of Denison’s estitunte of total
fector productivity and his own is
acconnted for hy his sepuration of
assate smong those held by housing,
agricultural, and sll other sectors of the
economy. This szeparation goes pars
of the way toward a satisfactory treat-
ment of the tax structure, but should
be replaced, in our view, by & break-
down by legal form of organization.
- In revising our original computations
wa have made s number of conservative
assumplionz and did not correct for
some obvicns errors in ¢he data where
the data base for such sdjustments
eppeared to be toc scanty. This is
particulacly frue of the deflstors of
capital expenditures that we used and
of .owr measure of land input. More
research is needed on these and on the
magnpitude and sourcez of changss in
utilization raies, on oapital deteriora-
tion and replecement rates, and on the
changing cheracteristics of the labor
force.

While better data may decrsase
further the role of toisl factor pro-
ductivity in accountiog for tha ohserved
growth in ouipui, they are unlikely
to dliminate it entirely. It is probably
impossible ¢ achieve our original
program of accounting for all the
sources of growth within the current
conventions of nationeal income ac-
counting. But this is no resson to accept
the current estémates of total factor
productivity as finel. Their residusl
nature makes them intrinsically un-
satisfactory for the understanding of
actunl growth processes and useless for
policy purposes,

To maks further progress in explain-
ing productivity change will require the
sxtension of such accounts in at least
three different directions: (1} allowing
rates of return to differ not oaly by
logal form of orgenization bui alse by
industry and type of ssset; (2) in-
corporating the educational sector into
& total economy-wide accouniing frape-
work; and {3} constructing measures of
research (snd other intangible) capital
and ineorporating them into such pro-
ductivity accounte.

To allow rates of return to differ
among industries and assets would re-
quire & mu¢h more detailed date base
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than is curTently avaeilable and wonld
introduce the motion of disequilibrium

{at least in the short and intermediate

rung) into such aceounts. Such a frame-
work would be consisient with » mora
general view of sources of growth * and
would introduce explicitly the chanpg-
ing industrial composition of output as
one such souree.

In mensuring labor input, OBE dats
on persons engaged should include esti-
maies of the pumber of unpaid family
workera, such ns those of Kendrick [81,
62]. Estimates of men-hours for dif-
ferent components of the labor force
should be compiled on e basis consistant
with data on persona engeged as Kend-
rick has dona. Although Denison [25]
has given additional evidence in sup-
port of his adjustment of lebor input
for intensity of effort, a satisfactory
treatment of this adjustmant requires
date on income by hours of work, hold-
ing other characteristics of the labor
fores constant. Tntil such data bacome
available it may be best to exclude this
adjustment from the messure of real
labor input incorporated into the na-
tiomal accounts. Quality adjustments for
labor input baged on swch charaeteris-
ties of the labor fotce as sge, race, sax,

ocoupation, and educadon should- be
incorporated into the - labor . input

The basic sccounting framework
ghould also be expanded to ihcorporate
investment in humen ocapital along
with investment. in physioal eapitsl.
Investinent in- human capitel is pri-
marily & product of the educationsl
sector, which i3 net incloded in the
privaie domestic sector of the economy.
In sddition to data on education al-
ready incorporated inio the nationsl
accounis, dsta- on physicel investment
atid capital stock in- the educational
sector would be mquiml for mcorpors-
tion of investmant i humen unp:t-al
into growth accounting.

Another issue for long-term Imanmh
is the incorporstion of research and
development. inte growth asccounting.
At present ressarch and developroent
expenditures srs trested as e current
expenditure. Lebor and cepital em-
ployed in research and development
‘activities' ara commingled with labor
and capital used to produce marketahle
output. ‘Tha first step in accounting for
rasearch and development is to devakap
dats, on factors of prodaction deveted
%0 research., The second step iz to

develop measures of investment in
vésparch :and - development,” The fing]
step is to develop data. on the stock of
accumulated research. A sividlar ap.
counting problem: arisea. for- advertising |
expenditires, alzo ourrently til‘aﬂ.‘l'-ﬂﬂ e ‘4
& current expenditure. |

.Both education. and investment in *
research and development are heavily |
subsidized in the TInited States, so that
privats coste and returns ars not equal
1o secial costa snd refurns. The effents
of these subsidies would have to he
taken into accounti ib meesuring the *
effects of human capitel snd accumu-
leted resemach on productivity in - che
private sector. If ‘the output of research
activities i5 aasocieted with external
banefita in use, these externalities woulg
not be reflected in the private cost of
investment in research. Some way must
be found to measure these externalities.
Once such measures ars developed snd
the growth accounts expanded accord-
ingly, this would result in a significant |]
departure from the conventions of na- |
tionel sccownting, more f{ar-reaching
than the departures contemplated in
GuT nrigina.l paper. A new accounting
syztern is required to comprehend the
whola range of pnambla spurces  of
sconomic growth.

1. Estimatss of real capital input are presented in [19]; sstimates
of totsl Pactar praduetivity are given in [20]

are prescoted o 147, 60).

2. Christensen and Jorgensom (191 pp. 314-319.
3. Danieon (20] pp. 35-87, and Grillches (48] pp. 1414-1417.
4. Apopunta ayw glven hy Christenzen and Jorgensan [20].

5. All referances to deda from the 7.5, national income and produst
asconnts ara to Fhe Nefiomel Fncoms ond Produst Acooenfs of the
Undled Slotey, [980-10685, Statistical Toldey, A Supplement bo the Burvey
af Current Business, August 1946, henoctorwerd NP (4]

Fostwotes

Our originel estimates pp. 207-301.

9. This allaeation is deseribad Iy Christensen sed Jorgeoson [20] J

10. A darbvation of prices of capital services iz given by Hall sud

Jorgenapn [62, 53] for continnouws time. Christensen and Jorgenson [19]

have converted this formulstion to dizerete time, added property

taxes, aad introduced alternative measurements for the tax parameters.
Bimilar formulas heave been developed by Coen [21]. _

11. The perpetusl inventory method in discussed by Goldsmish [30]
and smployed sxtanelvely in his Sfudy of Seving [28] aod more recmit
studies of T.8. national weslth (34, 35, 37). This method is also ueed
in the OBE Capilal Goods Study [40] and in the atudy of caplial stook

for the United Stetes by Tios [75].

6. Sef-employed peracma inchude proprietors sod unpsid family

wer kers. The mathed for impatstion of labor

tiom of the

aalf -emplayad that underlies our astitnaten in discuzsed in detail by

Oh ristensen [25]. Alternative methods For imputation are reviewed by

E rowvis [63).

7. Eendrick [61, 82] Ofies of Business Boonomics data on nonfarm
proprietors and smployess are from NP (6], tahlas 8.4 and §.9.

&, Christensen and Jargsneon [20] eemma thet the stetiaties] dis-
srepancy relecte srracs In mparking pperty oo rather tban labor
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12. Denison [22), p. 140.

13. Detailed evidence on the quality of the priss quotations underiy-

ing the WFI ia presented by Flosck [32].
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14. See Gordon [39] for additional evidense supporting this positlon.

156 The A.T. & T. strusturea indsx ysca Amerioan Appraisat Come-
pany indexea with seeentially pagligibla productivity a.dimtmmts ginge
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14. Gordon’s “Baal. Prive. of. Srodtues” index risss by 11 peroant
% Jeaa batorsen 1950 snd 1965 than the constant cont 2 defintor: See Gor-
dom [£0], tatle A-1, pp. 427428, Gordon «7s, Ina paper published a
year later than oure; in Ialing to notica that the fual version of our

did 2ot ineprporate the Burean of Publin Boads ndax as 5
geflator bus used the more represeniative but still impecfect OBE
gomstant cost ¥ mdex.

17, The imputation of the value of servioes from owaer-ocoupied
Jwellings setd sbruetwnes jp impaied by this method in the T8, natlena]
sceounts. NIF [668], tabée T.3.

18. Bee footnote 8.

" 19. This divizslon of the private domestic eocnomy follows the T8,
patlonal ascounts: see NP [#5] table 1.13. Othar ssctors ineluded fu

" the accounts ars government snvd rest of the workl
0. These dsta were provided by the Offiss of Business Eoonomivs.

21. Christensen and Jorgenaon [20] asmime: that errors in reparting
property incope sccur mainky in poporporste business,

2, Chrisbensen wnd Jorganson [20) asaume thal busibess transfer
payments are taken mainly frow corporats [eome.

2. Alteynative providions for the investment ta% credlt ars discussed
by Hell pud Jorgenson {52).

24. Christenten snd Jorgarnon [10] samime that ne deprecintion iz
taken during the year of acquisition of ag asses,

26. Formulas for the prasent vahies of deprecintion deduyetions ara:

e

sum of the years digita:

. al-sety (- 1+r)m]

where = 12 the discount rate and § i the Hfetime of smels allowabla for
tex purpgsss, Depreciation practices heve sdapted o the use of
aeaglarated methods only graduslly, as Wales [TE] haz demonstrated,

28. Thae spproprinte rate of xsturn for this purpose is the long-term
expeoted raka of yeturn; 10 peroent i olose 1o the average of rorporate
siter-tax rates of return for the period .1928-87. Eaec.'!h.rmtenmnnnd
Jorgenson [19], tabls 5, pp. 812-313.

27, Grilichws HEL p;p. =78, .
Z8. Bsn fIootnats 7.

29. See for example [13}, p. 7, where it is ostimated that the quality
of men detsriorated by besa then 1 percent over the ) yenr period
batween 1056 and 1866 dus to changss in their ape distribution.

. Trder Mhcmbers; Fihm 100

. Mr Fooue Tuiel  Wrghted tedd
1864 ___ ... 107. 7T 120 & 112, % 110. 2
1950 e e aeaam oh 1 Bl 2 93. B 05 7

The weights used were 0.505 for maks apd €.195 for fecpales. TFhe
shave of men in total sarnings was 0,81 In 1958 and 0.80 in 10864, Theot
figures impdy & =013 peroent per yeor dockine ip the guality of the
labor fopes dus 4o the increase in the femals papulation. Giver oor
svearagh lebor shere, this would Imply o — 0,09 paresnt contribation to
tha rate of growih of tatal jmput. These pumbers a%e taken from [L4].
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35, “{ruslity change” in thie senmo is equivalant to aggregation bisa.
For farther discussion, mlmgamunanﬂﬁnhclm[ﬂﬂ].espeﬂsny
Pp. 200260,

32, Hendrlick [§2), pp. 252-289, and fldlow [70], p. 315,
33, Denizon [3], sapeciafly pp. 67-72.
34, Dwnsion [26], sapacially pp, 35-41.
5. Balow [TD], p. 315.
#6. Heodrick [(32], especially pp. 26-250.
37, Demison [25), p. 4.
38. Danlson [25], p- 2.
39. Bee Section 7.5 below for Further diseussion.
" 40. Thenison [27), fn. 1, p. 2.

41. The abalute cmiribution of productivity change is discussad
by Denlson [25], pp. 2-3.

42, See Hull' and Jorgenson [52]; see spleo [53]. We wsume here
that the deoline in effiviency of capital goods with Bge 18 geometrie 20
that capital comeuwmption slewsinces ars proportlonal to capital
stock. I decllve in sffdency bn not peomatrie, capital oonstonption
allowanees are not proportlonal to capital stovk sed depresiation ie
oot equal %o replacement. Since Dendson assumes that decline In
effisienoy i linear rather than geognatric [28, p. 240], sarleun diBevtifan
erise in praserving ioternal conalstancy b his ageounts for gross
product, ost product, factor input, and capital stock. See Section 7.5
bradove for further discusnoen.

€3, The interpretation of DEvizia indewes iz discyssed by Solow
{70} Richter {88] and Jorgeson and Griliches [640).

44. Denlson [25]) p &

5. Denjson [25], p. 4, basee his sllooation of nencorporate meome
on relative shares in the nonfinancial corporate saetor. This procedire
hae the efect of Lgnoring the impast of the ootporate income tax. For
further diseussion, sa Christansen [18].

46. Bas Denison (23], p. 5.

47, To fnet, our revised eviimates can be regarded as solving the
problemy of simultanevedy Inoorporating hoth property tazation and
tha eprpovate incowes tax pesed by Denispn as followa:

For ooe tar clessiffed as indirest, thet on resl pooperty, this
asmumption [that the tax be Indwded In the éxrnings of cepitat]
may be prefernble. Indesd, in tha eontert of conaldering the affact
of taxes on the allocation of roasaurces sunong sectors of the eeons
wmy, I have mysell suggesied that one should not consider the
impact of the ecorpormts income tax, which beers omly on the
corporete sector, withont elmultaneonsly eongidering the propsriy
tax, which hears most heavily o the pripolpal noncsrporate
savtors of the private stonomy: housing and farming [25, p. 5)

48. Denison [25] pp. 6-11.

2%, Denison [23], p. &
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0. Denison {255 g 8 suggests adjusting the waight of land, but net
that of other eaplinl, for infation. His wotusl procedure [26, 28) for
allseating propariy income ignores the effecks of inflagion for all asaets.

Denigon (28], p. 8, argues that;
Theair [our] ides i that surrent aseet valves ere pmpnrtam.l ta

. . . tha discounted value of the anidejpated stresm of esrninge

aud capital golbs .
Ha than atates that -pﬂm u!' dspreciakle aosets

. . . aTe frmly aochcored to the present price level and presant

production costs of sepital geods and are ant affected by capital
Aptually, the confradintion batween our visw snd his is oaly apparent.
From the point of view of producers of capltal goods the pritss am
enchored to pressmt production sests. From the point of view of
purchasers of ¢kpital peods these priees sra related to the dissounted
walye of tuture esrninge, incdludipg capltal gaine or Iossea. Thus prises
are gingltansously anchored to the curmrent prics Jsval and fo an-
{imipations of futurs agrnings,

51, Denigon 125} pp. 3, 13, weknowladges the posaibility that by
resuMz sould be lmproved by iaking vabital gaine inta account in
measaring earpings from land.

52, Denieon 125], p. 13.

53, Jorgenson and Griliches [60], p. 257, Bee Mendrick (61, §2].

5d, Denloon (23], p. 13.

&b, Trenison [28), p. 140,

56. Denizon [2E], p. 144

57. Dendzon [28], p. 14.

38, Denison [ZE], p. 351,

6. Danigon [28], p. 14

80. Denigon [26), pp. 112-113.

61, Denison [£23], p. L4

62, Dopison [25], p. 351,

63. Hickman [54], pp. 223-248; Hall end Jorgenson [52], pp. 28-31.
Many other ceferepcss cowld be given, Geomefrically declining
affitiency is the wandard asmmption in eqonometrio atudivs of invast-
mant bebavior.

&, Meyer and Euvh [64], pp. B-04.

66. Cagon [17] pp. 222-220; Griliches [42), pp. 197-200; Wykofl (78],
pp- 1TI-I73.

66. Aall [51], pp. 19-20.
&7. Griliches [41], pp. 121-128 and 128131,
35, Jorgenson and Griliches [60], pp. 260-200; ser Also [44),

6%. Jorgenson aod Orilichas (60}, p. 260,

7. Fee Bulow [69, ¥1]; for ap Interpratation of the rexulting measure
of oapitel input, see Jorgenson [59].

71, Denivan [23], p. 26,

7. For & detailad disttisgion, see Christenson and Jorgenson [19],
. 208,
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73, Our unlcul'.atinnu are bassd on dats from - Guldamlth [35]
table A-13:

h:=='-==
'In cotwtant prices {LH4T_M=10) : sts-
Casegory of privats g o | 15 | Ruset m&tﬁnﬁ
P your ¥

e} 1] 1) 2}
YT B Y T -a.18 .t
TR O I sl  ane & .4
NRLPGAAAAL ooy mrms sme o Joowr] s L g
FOTOAB. o oasasmemymmmrammn rrmec i T o4 .0 .o

HouE.—Raie of growth of poivabs 31k o land pe yowr = 2fechame 3 oot 4)=1.3.

4. Denigon [19) emplove OBE cptimages of inventory stosks [25],
P. 18; we have emploved the same emiimstes of inventory stocks, We
aler insorporata catimatea of atooks of depreciable wsseta from the
OBE Cepitel Goods Study [49]. Altheugh Denison &id not empioy
ibese eptimates, he indicates that:

Had the OBE sindy been completed, T would have used DBE
vapital stock sarles based on Bulletin F livas, on the use of the
Winfrey disiribation for mirements, and on 15]1& use of the OBE
forice defletion IF” [28, p. 14]

Thie sesards with our tatimates excapt for the use af the Winfrey
distcibation.

T5. Boa [497.

716, Deonincn [251 pp. 12-14

77, Denbgyn [25), g, 16,

¥8. There & pleo gome confusion about the measuremeant of margiopl
conttibutions in soma of Denison's exsmples, These exsmples seemn to
lenyly that if higher skill forlery wre raquired to ron new machines, the
tootribution of fuch mechines aeonot be mensured separately and §s

aiready incuded in the contribution of labor inpat, But this i destly
WO

70, Jriliches [<5] and [28].
80, Bes Johnson [67] for an optline of & similar position.

81. See Giriliches [48] for lurther diacussion of thia tapic and for some
order of magnitude eztinetes,
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I Changes and Clarifications

Dale Jorgenson and Zvi. Griliches
esmend and clarify their views in
tha praceding articte [24]. I am pleased
thot revisions bring their estimates
dose’ b0 mine, and appreciate Cheir
statament that my critique of cheir
earlier estimgles waz helpful.

The reappearance of tivi
o productirty

Jorgenson end Griliches sbaudon or
greatly mnte the majn point of Cheir
earlier article. They had asserted that
pnalysta whe preceded them wera
wrong (o atiribute a substantial psrt
of the growth of United States output
to rising productivity. Qo the contzary,
Jorgenson and Griliches stated, thers
has been lit¥le or no chengs in produc-
tvity. The conflicing results obteined
by the rest of us stemmed from pro-
cedural arrors in measurement which
they "weedsd out,” and these errars
had catzed us to misinterpret the very
fundementala of economic growth.

Tha basia for ther claim was their
own estimate that real GNF per unit
of input inevensed only 0.10 percent s
¥ear in the privete domsestic economy

Nn'rx —Dr. Denlson s Senior Febow, The
Bmkm Inat.lt-ulinn Waahmgtn n.C Tha
W exyramisd in this ane
aubhm- rud do not pur rt iu mpmﬁant lihﬂ
viawn af ﬂm uth&r Afuﬂpn hers, nfioars, or

trustms ks Brookings Inskitution.
sod & h“i‘;ﬂé"“““ﬁ:’*@"“ e L
are gratafully soknow,
Neither shares mpqnmhut for vews eax-
Framed or any errora 1 may iwua ecTaImnikied

from 1045 to 1065 [1B]. Thiz was
supported by previous research’ in
which they bad almest eliminated
productivity inctessa over tha whole
pariod since 1928 [15]. They suggested
that still mors precise accounting for
inputs would probably show that
thers had been no change at all in
productivity. _

- 'Their saties showed that from 1950 to
1962 tising productivity contributed
0.30 percentage points to the growth
rate of privete domestic GNP. My
estimates for the same period implied
1.38 pointe! My Svever article in-
vestigated the reasons for the dis-
arepanyy, - concluded their series wae
wrong, and showed why [19]* They
have now accepted much of my cridi-
cizm. As spainst their former 0.30, their
new estimata sppesrs to be about 1.14.2

1. Thia vrap whtar aedpsgiesent, oy comparability with thels
mElmate, of my Rgury af 19T polnis D the oontebathm of
DWEPNE Dar ndk of Infrtat 00 kb growh rats of tokal pallenad
1150

2 M7 beieof ot s cemnmasis oo thalr peeriooe arthela
had beeen Gragarded [1H-

3. T by ptvowr 104 in thalr tmblo 34, which rofwd 40 50 odk-
PO M whids Scops has boan thangsd by additinn of o
Iurpe inapgtpiian ior deprelation of 3od Impatsd et on
conzumer dorabie. AN of the adatant [puksd 3 esotindly
connted ks & contobakion af papital inpak. Tiw sddilon 30
the s of the cotput measics foleh oedores the pro-
duckiviy estimads wnt, &8 I this Agare, It B oiioeied s e
Erowth rae o contr ke bothe growth min of total outpat.
Thay daseribe the neod b wdjot . Ares [oe comparshillby
writh diglr sarllr Stiphaken ot ndon, bk thedr Eable 25 which
pHnparss the thres sobimabes, morpriningly repeats the 131
figire 33 cannod hiere bean adlustat. Ther e InmcTetant
Pate bo ot presteely, bod s adjusbpwent bo L4 B som-
parabiliy appeam coaservatlTe,

By EDWARD F. DENISON

Final Comments

Their revision vomes cliefly from (1)
disonrding most of their capital utiliza-
tion adjusiment end (2) eliminating
mozst eales and exeise taxes from their
estimates of the earnings of c¢apital.
Bema of the other errors (as in ther
messirament of inventories) have hean
corracted. Their new figgre, thouph in
my opinicn still too low, {2 83 percam
of minhe, so the “disappearance™ of
productivity thange has vanished. The
remsining difference of 17 percant
between our estimates raises no question
about the fundamentals of economic
growth.

Jorgenson and Griliches now con-
cluede (p. 8%) that “While better data
may decresse further the rele of total
Factor productivity in accounting for
the observed growth in output, they are
unlikely &0 eliminate it entizely,”
This is & reversal of their original posi-
tion. Bat one might have hoped for a
less equivocal siatement. Beiter data
may slways raise or lower an esiimats.
But this zeotence lmplies an undocu-
imented belief that they would prebably
reducs  the estimated growth in total
factor praduetivity; that this reduction
would not be achieved by a mere re-
classification of growth sources from
productivity to input; and that it re-
mains possible, if unkikely, thet all the
advances in technology sod menagerial
Enowledge that we have obesrved, the
expausion of marltets, shifts of aurplus
lobor from farmivng, etc., have done
nothing to raise productivity.

I do not ehare these beliefs. The idea
that productivity may not have changed
at all in as farfetched as ever, Moreover,
batter data sre as likely to raise as to
lower estimates of productivity gain. A
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careful raworking of my own estimates
is, in {fact, yielding elizhtly highex
figurez for the contribution of output
per uait of input than those obéained
previously, which were already above
the amended figures of Jorgenson and
Griliches.

Clarificntion of Jorgenson-terilichos
treatmens of nnmeasured guality
change in copital goods

I welcome the clarification by Jor-
genson and Griliches of their views
conceming - “unmessursd  quality
change™ in capital goods. Such guality
change consisis of improvements in the
design of capital goode that raigse their
marginal products reletive to their
Costs.

Al renders of the original article by
Jorgenson. and Griliches whomn 1 en-
countered were raluetant to attribute
to them the view that advances in
knowledge, economies of seels, and
renllocation of resources together have
contributed only trivially, if et ell, to
longrun pgrowth becsuse this view is
plien to common sense Al contrs-
dictory of previous resesrch. They
bholievad ths Jorganson-Griliches finding
of almuost no productivity changs must
deriva from use of a different classifics-
tion.* Moat thought, not without em-
couragement from the wordiog of the
srticle [13, especiglly pp. 36-3T], that
one aspect of thizs reclassification was
the trapsfar of some of the contribirtion
of advences in knowledge from pro-
ductivity to mput. by wunt.mg un-
mensured qua.'ht-;-f mprov&mmt-mcapl
tal goods as an incresse in capital in-
put, My article peinted out that noth-
ing in their statistical procedures would
produce this result. Moreover, it
pointed out, it was nob really clear

4 When Fowrgersa and Orilidhes fies sopgested et s
pompiete apbpanting vkl eioxdnats changes in o=k
T unit of Inpie, F myssll wondersd whathér thely mighs
prmetitw comtider that wnything meanorsd direstly beooaes
B "Inpak," which w0 Taake catpué pre it of Ingud a
mynanym for the “realdoal " The "reldest” In grewith ot
alyxa obrlogdly and by deflnlilos woxld Qb ppens iF i &f-
Tepts o chang=a i, wil dalternninanmts of autrot—wheher com -
ponents ol rotpoat peer nrdt of Ingat or of toked Inpnat—touid
b worm direthy and proclealy messictd. Ever In ther
preeeid ATt papsages oo papes §5 and BRoem fo ues wat-
Pt per oot of lopot's and the “reabdesl® ibbeehanmably
and thins {0 suppors the origlin! suspiobon. Baol their crpdooit
disawewnt of this incerperokathon of the saclier artiels and the
geoaral Wigst of thc ot ordlede indiegie that ohen they
Y MUAEOL Par unil of japol for bedal featar poodoskivicy)
by fatmn this, snd owt the Rskdaal.
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from their text whether or noi Jorgen-
son end Griliches even thought they
had made such & irapsfer, Their
cwrrent article agrees that they made
no such transfer, and states that they
did not think they had done so, They
agree thet we pert of the difference
between sither their earlier or present
satimates and mine in oaused by a
different treatment of unmeasured qual-
ity change. This i= & welcome olmﬁ
antion.

Besired trextment of unmeasured
gquality change

But what Jorgenson and Griliches
would %ite to do about quality change
that is not measured by present pro-
cedures =il requires dizcussion. Al-
though they indieste thet their wiew
of ambodiment is the same as rmine
{p. 87), it iz not clear whather this
menns Ehat cheir view of the appropriate
trestment of unmeasurad quality change
is the same. To clexify this point it is
necessary to refeare old ground onoe
mera.

Although present measures of capital
inveatment, and henee of capital stoek,
in constant pricee do not conform
exactly to any definitton because good
prica data are scarce, they do have &
general characteristic which ¢an be
dageribed - and dllustrated and is the
charactaristic nunder disoussion.

Suppose that in Yesr 1 & certein
kind of fectory building costs 1 million
{inclusive of £l c¢ostz Including the
return to equity capital af boilders and
suppliers) and that it also sells for §1
millien, By the time some subsequent
Year 2 srives, a certgin architect,
Mr. Smith, has devized & new fectory
layout that iz move efficient, snd new
factories are now constructed in accord-
ance with his design. Faciories of the
old design may not be built at all in
Year 2, but they could be built and sold
for 51X million; because of inflation
their cost is higher thao it was in
Year 1, The new factory costs and sells
for $2 million in Year 2,

The price index for factorias in Year 2
(Year 1=100) that iz nsed in deflation
will (barring measurement errorsy be
150 {$1% million-+$1 million}, and this
ia the crucial number. Dellating current
dollar expenditurea by the price index
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yields volues in consbamt prices of

Year 1 of §1 million for an old-type

factory and $14 million for s new-iype |

fectory. These constant-price values
for the two types. of factoriea are, of
course, vsed in all years in which théy

are produced. The new-type factory
iz thus slways eounted az the equivalent +

of 1} old-type factories; this is the
number of old-type factories that could
be built m Year 2 with the resources
sctually devoted to building ench
new-typs factory in Year 2, bocauns §2

million iz 1% titmes s mach as BLE

million. The differsnce between 1 and
1% iz meazured guality change, Capitsl
stock series in constant prices are con-
structed by cumnlating past investmeant
in constant prices, so naw-type factories
ars eonnted as
eapital as old-type cnes in capital stock

1% times as much’

geriez too. The marginel product of o §

new-typa factory after it iz in servics is
more then 1) times as great as that of
an old-type factory becanse of the
improved layout thet Mr. Smith has
devicad. We can infar that this i= s
becarse buyers’ praferanes for the new
type meana they believe the ratio of
marginal produet to eost is higher for

the new-type factory than for the old. ||

But we bave no way of Inowing by
how much this ratic exceeds 1%. Ii
factories were rented, $ie rent on a new-
type fectory would also he more {by
the same unknown amount} then 1%
times. the rent on an old-type factory,
if neither had deteriorated from use,

hevanze the relative renial values would |

be proportiona]l to relative marginal
products. The differsnce hetween the
cost ratio of 1% and the unknown but
higher marginal produst ratic is the
“yponmessured quaelity change” that has
cccwited i fhetories.
gimilar, because of the nature of price
data used in deflaticn, for producsrs’
durable goods (and, mdeed, for con-
sumers’ goods f “mmginal etility” is
substituted for ‘‘marginal pmdunﬁ” in
the daacnptmn}

In my view, often stated, (1} it is
impossible to substitute marginal prod-
ducts for costs in equeding capibel
gocds of differsnt vintages becauss
unmeasured quality change cannct be

measured, and (2) for growth analysis .

it i3 bebter to equate (weight) waused
Mry 12
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eapital goods of the types represented
in different vintages by their actual or
hypothetical relative cost at & common
dete than by marginel products. With
this procedure, to which actual “eem-
N ventionally messured’” data approxi-
mately corTespond, unmeasured quality
Primprovement does ot ruise capatal
input when earlier vinteges are replaced
by Iater ones. Clains achisved from
designing bettar capital goods are
coupted a3 contributions af advances
in knowladge—in the previous exsmple,
Pps the conimbution of Mr. Smith's
discovery of wn improved factory
Iuyout.

A theoretical alternativa would eount
capital goods of a later vintage which
gmbody unmeasured: quality improve-
rehts 28 more capital relative to those
of an earlisr vintage by substituting
the ratio of their marginal products
for tha ratio of their costs at 4 common
date as weights to combine them. If
| it could be implementad, this procedure
Twould cause the capitel stock in con-
atant prices and hernce capitel inpuk
t0 rise more over time than the present
procadurs, suod would transfar the
the gains provided by improved design
of capital goods from sadvances in
Enowledge to capital. This would elimi-

nate ths poesibility of o rise in the

[)afﬁuimny of cepitel and would desteoy
the possibility of analyzing advances
in knowledge as & separate source of
erowth. .

Jorgenson and Griliches repeat in the
. present arilcle the stotement thab was
the criginal canse of confusion sbout
this whole subject: that they would
like to weight capitel goods of different
vintages which are in aimultaneous
use by tiheir relative marginal prod-
hucts if services prices were available
rfmm which reletive mszginal products

could be inferved (p. 87), Bervice prices
per dollar of conventionally mensured
. eroeEs etoak would be lower for older

than for newer vintages . not only
} because they ave oider snd their per-
. formance may heve deteriorated maore
from the time they were new (which
averyons sgrees should be teken into
aceount in messuring capitel input)
but aleo because newer vihteges fncor-
~ pornte design  improvementz. What
would this procedure mean for the
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mesaurement of capital -input? Fre-
sumably, Jorgenson and Griliches would
change the input of any ona vintage
during ite service life only to allow for
physical dsterioration ocourring in the
seTvices provided as time paszes. Apart
from this, each vintage would ba ths
sems amount of input so long eeE it
wis in uss. Because of design improve-
mant, sach successive vintaga would ba
epunted as more input, Telative to a
vintage remaining in uses, then ths pro-
ceding vintege when it had been in the
gpms physeal condition. Henes, re-
placement of each vintage by & later
vintage would raisa capital input. The
pracadura would therefore raise the
growth wate of the capital stock in
constant wices (and heance capital in-
put} reletive to the conventionsl eap-
ital stock measure, and change the
clesgifieation of growth sources by
transferrving from advances in knowl-
edge to capite]l the output effects of
improvements in the dasign of eapital
goods.? Tt ia not clear whather Jorgenson
and Griliches deny that this is so (a
position that previous writing by Jorg-
enson [14] may imply} or whather they
maan thet they wigh to mske such &
transfar.

To try to avoid further confusion, I
must comment upon the following
sentence frem Jorgenson snd Griliches
(p. B?): "Tf it were possible to imple-
ment cur original suggestion that dif-
ferent vinfoges of capitel goods be
weighted in measuring capital inpot by
their marginal products, this would not
hava the effect of imcorporsting ‘em-
bodiad’ technical progress, as Danison
suggests.’ The term “embodied tech-
nical progress” has often been used
with a vary broad though rather vague
meoning to cover the fofal effesds on
producivity «f any change in processes
of production that requires a change in
tha physical aitributes of a capital
good-—no matter hew trivial the changs
in the capital good mey be, and regard-

& This rorule woukl by mvgtded only 50 che npu Gn cpn-
Atant pricet) of any viokape wearp made to doclng sach year
wilthin i aorrico o to reflock ot only deterioration it sl
AleRbaeanee pryklbing com Lw erallebikicy of better goods.
Ho Intowbbow ta woe this mowal proesdine i be indsred Irom
Lok writing, and the proosdorn eoald not be Impleovacbed
1 wsa of perrles prices Lecamss, oven I theyr oxstod, servies
P ool ok Tarimit offerl: of DhERSMNGh D BT
priso diffareitiale to be disthiguished from Hioes of wear and
.
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" %ass’ of whether or not the new lknowl-

odga that iz being introduced stams
from or hes any relationship to
knowledge sbout capital poods design.
Jorgenson and I [12, 14, and alsewhere]
both indicatad yosrs sgo that we saw
little ar oo welue to this concept now
possibility of ohiamning estimates con-
forming o it, and hed ne wish to adopt
it. This i= not & spurce of dissgreement
betwesn, us, nor is it what T have besn
discussing. I have been discuseing only
embodiment inte the esapital input
messure of the differsnca betwaen the
growth rates of capital stock when
different vintages are equatad by (a)
marginal products at & common date,
nod (b)) cost &t & common date, and
the resnlting transfer, from the contri-
hutionn made to the growth rate of
output by sdvences in knowledge to
thas of capiial, of this differenca times
the weight: in total input assigmed to
siructures and equipment. My view,
to repeat once more, is thet this transfer
(1} cannet be made and (2} would be
undesirgble in zny cese becnuse it
would yield a less usefu] clessification
of growth sourced; what is reslly the
coniribution of advanees in Enowledpa
would be counted as a contribution af
capitel [19, p. 27; 23). Forgemson and
Griliches (1) egree that this transfer
sannet be made, st lesst for most
goods st the present time, but (2)
whether thay wounld like to mske it
I =til]l do not know.

Clarification af views on inclusion of
depreciation in welghls

A more complete clarification con-
cerns the Jorgenson-Griliches view of
the appropriate treatment of deprecia-
tion when earnings are used to weight
labor, capital, and land. They had
stated vigorouely that other analysts
erred in obtaining earnings weights by
using property earnings meosursd oet,
rather than gross, of depreciation. On
at lesst fhyee oceeasions they attacked
John Eendrink, specifically, for using
net agrnings. They made no distinction
batween analyses of gross and net
product. Kendricks veluable analyses
of productivity change have concan-
trated on growth of net produet, but
be has nleo derived gross product as en
incidental by-product of his analysis.
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My article stated that net eamings
should be weed to snulyze net product,
and gross esrtings to anelyse gross
product.® Thinking enly of Eendrick’s
net product snslysis, I defended his

uzve of net earnings for weights. Jorgen-
sop and Griliches now state thab their
criticism of Kerdrick referred only to
his gross product analysiz. Thus we
agrae on this importsnt point.

I, New Estimates

Time passes. Muck of the new
Jorgenson-Griliches article is devated
to the reproduction, description, and
defenge of estimates that wers re-
cently published alsewhere by Christen-
zmp and Jorgensen, are here endorzed
by Oriliches, and are presented as
replacements for the praviens Jorgen-
- son-Oriliches estimatss. I have also
been reworking snd extending my eati~
mabes, snd have mitreduced numerous
refmements iz deis and technigue.
A later publicstion wil! present and
desoribe them.

I shall neither undertake hste
& goneral examinstion of the new
Christensen-Jorgenson  estimades end
the Jorgenson-Griliches discussion of
them nor deseribe the changes being
made in my own procedures. It is

unnecessary becanse my views g ex-
pressed in. ¢he previous SumrvEr oF
CuerENT BusiNgss article have not
changed and need net, in general,
be reiternted.’ Alterstions being mada
in my procedures are consisient with
those expressed ¥here. Any sufficiently
diligent sod perspicecious reader can
discover the sextent, which is sub-
stantiel, that Christensen-Jorgenson
have changed the Jorgenson-Grilickes
procedures to mest my objections.
I shall, however, offer brief observa-
tions on three aspeots of the new
estimptes and their dizcossion, and
then turn in part IV to an extended
dizeugsion of wverious aspects of a
general topic which permesates their
arficle.

I, Miscellancons Brief Comments

This section comments upon three
unrelatad aspacts of the new erticle hy
Jorgansen and Griliches.

Statiseical errors

Some of the simple statisticel errors
in the original Jorgenson-Griliches esti-
mahes have now besn weeded out, but
the procedurs that Christenssn and
Jorgenson use to obtain privdiie GNP
in sonstant prices by their defipition
(p. 63} contains an 0dd new errer that
is wery large. From OBE’s sstimeates of
GNP in constent prices one would
expet;t them to subtract OBE's general

T Allernatively, J nobed, |7t opposite webh Govs deprt-
onbbon ¢oUid T beated me o separate dedooton om, or
wddibion to, satpuk that |5 seedonbly b capital,
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government and rest-of-the-world GNP
in constant prices and an estimate for
govarnment enterprises. Instead, from
OPE’s total GNP in constent prices
they subiract estimaies for general
government, government enderprise,
and rest-of-the-world GNP that they
obtain by dividing OBE’s current dollar
fgures for govermment, government
enterprise, and rest-of-the-world GNP
by the aversge price of sll services m
the GNP, Consequently, they take out
of OBE’s GNP in constani prices num-
hers for general government and rest-
of-the-world GNP that are quite dif-
ferent from those that OBE hss put in,

T ATME many othery which I shall nok meamchon spain,
e indlode views oo dongdarm champes In cpitel widle-

tan wnd the meastiemwnt of saplial galng in the Torguus.

Gty and Qbriyngan-Jongacsom sekimatos,
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-and the difference becomes part of their
private QNP serics. It couses them (o8
understate the increase in private GNP
in 1068 prices by $5 billion from 1950
to 1062 end by 512 billion from 194y
to 1967, and io understate productivity

growth accordingly.

Change in classification of gaing from §
rewiliocation of resources ¥
The new Christensen-Jorgenson enti-
mates trensfer some of the effects of
improving or worsening ihe allocation
of resources from productivity to mput. EI
Other procedures that Jorgenson and '§
Grilickes recommend would go much |
further in this direction. They do not !
note these classification effects.. i
Christensen and Jorgenson separate |
corporate sssats of esch type from nom-
sorporate sesets; separate ‘farm from 3
nonfarm inventories, and measure each |
component 48 & separate input with ita
own weight {p. 63). The effect iz to:
trangfer from output per unit of input)
to total input guins or losses in output §
that resolt from an  improved or
worsened distribution of each type of |
capital and of land between corporsie 3
and noncorporate use, and in the case 4
of inventories between farm and nen-
form wse. Jorgenson and Griliches sec- |
ommend (pp. 67, T7) tteabting labor in #
each ocoupation and region s & separata |
input in measuxing labor input, al- §
though they have not actusily done so.
This would transfer from output per
unit of inpué to total inpui geins re-
sulting from an improved allocation of 3
labor among occupations or regions §
{with no change in the personel atiri- §
butes of workes), Because of the close |
correspondence of occupations and in- |
dustry in the casa of farming, gains |
from shifting labor from farm to nop- §
farm aciivities would also be trams-
ferred. They also sugpest counting as
separate inputs different typas of invest-
ment, end investment in different
industries in which rates of raturn vary;
in this ¢ass they sey the results will
help in “axplaining’ productivity
change (rather then thet the differences
in esnings should be “reflected” in
input), but the difference n wording
appoars to be accidental. |
If the distinction betwesn output §
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growth achisved by an increass in totel
* fpctor.  input and output growth
~ achieved. by sn incresse in. total facior
productivity -has any meaning, oul-
put gains or lesses resulting from the
ghift: of an input from one u=s to another
surely belong in the productivity series.
* Hence, the changes in input measure-
ment that Jorgenson and Griliohes
make snd suggest are inappropriate.
The proper course, in my opinion, is
to -retain these gains and losses in
productivity, but to try to isclate them
88 & ssparaie productivity component.®

Additional duplication from.
imputations

Objevtions to the nse of gross putput
in growth analysis become stronger if
imputations for consumer durables or
human capitel ere added to the scope
of output. The resson 1 consider even
the OBE version of GNP to be an un-
satisfactery Bnd uninteresting culpub
measups for growth analysis i= that it
is a duplicated messure and there is ne
reason to wish to maximize its value
{relasive to resl coste ncurred}. Some
esonomists whose Judgment T respect
nevartheless prefar it on the grounds
that it is so diffionlt to measure capital
consumption that GNP may yied o
better index than NNP of the growth
rate of net output itself. I believe this
iz incorrect; but aven if ik were corract,
uee of GNP leads o wrong conclusions
a3 to the increases in nel output that
result from adding to eapital,

Beoonuse no basic principle underlies
the amount of duplication in GNP, it
is always easy to raiza its value by in-
crepsing the amount of duplication. By
introducing into GNP an imputation
for the gross return on consumer dur-
ables, Jorgenson and Griliches mare
than double the wvalue placed vpon
them. Most of the addition is for de-
prociation; sonsumer durables are guite
short-lived so they depreciate quickly.
Thiz addition gresily increases the du-
plication slready present in the OBE
varsion of GINF.

In contrast to business depraciation,
which is subtracted from GNF to
obtein NNF, this impnted depreciation

#, B0 KR for & okt complitie dicouision of the claolics-
than of the afecl of realinesding.
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on consumer durables muat be added to

NNP to obiain GNP..If thera were
merit to the atatistieal case for using
GNT with its present coverage because
depreciation is hard to measure, this
would -arpue for net adding imputed
depreciatior on consumer durables.
-Ope effect on growth analysis of the
imputation for consumer durakles is to
change the growth rate of GNP, unlass
the imputation moves lke the resi of
GNT. But the main sffect is to raise
preatly the apparent contcibution of
capitel to the growth rate of cutput and
to lower that of productivity and labor,
because all of the absolutes Increase from
one date to another in the impuied
depreciation on (as well es the net

return o} consumer durables is counted
a3 a contribution of capitel. The result-
ing estimates of contribituons to the
growth rate refer to an output mensure
for which I can see mo uze. The imputa-
tion would not seem to advance the
“raesguremsent of total factor preduc-
tivity from the perspective provided
by the econcmic theory of producticn,”
the svowed purpose of Jorgenson and
Guiliches in preparing their new output
meesure {p. 63), nor correspond to * the
valus of output and fector inpat from
the poiné of view of the prodwcer”
{(p. 67)." If "human capital” is measured
a& Jorgenson and Grilivhes recommend
{p 90} I hope it too will not be antered

twice.

IV, Capital Inpet, Depreciation, and Use of
Asset Valwes in Deriving Weights

The Jorgenson-Griliches discussion of
the messurement of capital input, net
output, net praperiy esrnings for uss in
weights, and the relatiomships among
these zeriez calle for more extended
cormment, and the remainder of my
raply is devoted to thess topics.

Jorgenson and Griliches unfortu-
netely inkroduce into their discwssion a
felee identity end en erroneous desorip-
tion of my depreciation series which
greatly comfuse the issues and which also
malse their discussion of the remaining
matters obscure. I must deal with
these topics before I take up resl
iesues, bsnd the first two of the six
subtopits in thie section fry to olear
away thie underbrush.

The third subtopic, the most sul~
stantive, reexamines the wme patiern of
cepital input, which Jorgenson amd
Griiches appreise very differently than
I do.

The lest three subtopics consider the
best methods of obtaining depreciation
for met product and net earpings
sstimation, but thay are intraduced
mainly a3 & response to sweeping and
erronenug claims by Jorgenson and
Griliches that my estimates ars .
vonsistent in several respects and their
own estimates sre free of such in-
consistencias becausa they usa the
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double declining balance formula to
meusurs everything. Their specific
charpes sra that {1) the deprociation
series I use to obtain net product is
incongistent with my capital input
series, thet {2) the depreciation Sefiecs
I wse to obtain the net eaynings of
copital and Jand (which are used to
weight these inpute with labor) is
incongistent both with my series for
capital input and with tha dapreciation
series | use to obtain net product, and
that (2) the series for net stock I uze to
allacate the total weight of eapital and
land among components is inconsiztent
with my capital input series.

The format of & reply Lo this article
by Jorgenson and Griliches is rather
inconvenient for a ganeral discusszion
of the difficult probiems invelved in
handling capital in the measurement
of cuiput aod input. ¥ not oxnly
introduces terminological problems but
aleo forces mp o concentrste upon the
matiers raised by their srticle, some of
which would arise in ne other context,
at the cost of compliceting and re-
stricking discussion of subjecta of greater
interest and importance. One aspect

Q. Tis of GNP kb anmetfmwen aftvoented for sived-form
o phymud o, [mpated depeedlationn  ortalndy
arnalie 0 UNPOYIGt M 1t Lcdosion wrorsene the QNE
ki For § iy usa too.
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of the diffieulty is fhat the Forgenson.
Griliches advocacy of nse in smpirical
estimation of the double declining
balance formula to mensure everything
is uncommon if not unigque. Curicisly,
juet when Griliches and Jorgenson wara
firat. introducing this wnwsual {and, I
balieve, quite unaceeptable) convention
into their growth analysis [15], Griliches
himself was discussing related matiers
more realisticelly (11, especially pp.
118-25), pleiting (for tractors) dif-
ferent curves for the market values of
capital . gonds and for their serviees,
and examining the reevance for dif-
ferent measures of discounting, de-
terioration, and obsolescence. Tse of
that article as & starting point might
have made for a less complex discussion.
An accounting identity?

Jorgensen and (riliches state as a

general principle that “‘the value of.

total product is equal to the value of
total factor input as an accounting
! identity™ (p. 65) and, again, that “for any
concept of gross product the funda-
mental accounting identity for pro-
ducfivity messyroment iz that the
valua of output is equel to the value
of input” {p. 67}. Their alpebraio pres-
entation starta with this supposed
identity snd long sections of their paper
are based upon it. They criticize my
methodology because, they say, 1
violate it,

1n fact, no such identity exists except
in ong special casd: o cakrent-dollar
sariss for gross or net nationa] product
ralued at factor cost.

Mational accountants racoghize mar-
ket price and fector cost se the two
main alternativa ways of veluing the
componsnts of output, and the new
United Nations system recognizes still
others. In their original article Jorgen-
son and Griliches wvalued output at
market prices. Relianes upon their non-
existent “identity'’ rmisled them into
counting all indirest business taxes and
some other assorted items a5 aprmings
of capital and land, o mistake they have
poartially remedied in their new esti-
matas.'? The idenfity does and ean hold

Ik ‘The mistake, of couss, was chat thers BB no idemtiiy,
nok €t Kt b8 soree dakeck in market prices. Markst prices
provide pesfsotly samaibio walmathory of ootput, sd T have
shown (13, . 4) What i i perfartly posalbla to analyee the

prewkh of satjonad prodost ot muriet noked In o Senpihile and
aonaiabenkt way.
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in a-current prica output meesure ouly
if output is valued at fsetor cost; in
that series it must hold because the
value placed upon each unit of output
is, by definition, the gmounts sarned by
the factors in providiag it.

But current price measurss have
tittie to dg with "productivicy measure-
meni,” and the identity does not hold
in constant prices even at factor cost—
unless one abolishes the concept of
productivity chenga.  Productivity
chenge is precisely o measore of the
dagres -to which the identity doés not
hald.* There iz mo such asccounting
ralationship betwean input and oukput
ab congtent prices by sny methed of
walgation. The twa must be defined and
calculated independently.

Christensen and Jorgenson introduse
4. now valustion for the components of
ovtput which they cell “gross value
added from the point of view of the
procucer™ [23]; similsr Ianguags is used
hera on p. 82 and thereafter. Com-
ponenta of gross cutput are given a
value which in surrent prices iz equal to
their facter cost phis the following
items liated on p. 67:

~—The statistical discrepsncy in
the national income and product
ascounk: —$4.5 billion m 1970,
but often positive, and errstic
from year to year;

—Motor vobicle licensas: 1.6 bil-
lion in 1970;

—PFProparty taxes: $35.4 hillion in
1970;

—"*0ther™ State and local in-
divact husiness taxes: $6.9 billion
in 191, of which, in billions, $3.1
was State selentive sales taves;
51.3 'miscellaneous ecorpornie,

1. The JirpepsoneOriiches paper deed contalin {p. T3}
ibe fellowing semtencet “T ol fantor proddctricr bn dafined
W Khoe ratho of Tedl proddck b real woter InPat, o spcfralingly,
Bk Tl off e Pr ot o folett LU O B 0 oedined prier [IUp)ics
mine]" Tha jtajkized poiion may hev: been indoded Lo
peotedt thedr swesrtion of n icentity; their diddidon n
pge 52, wivers ey Py Produsilvity bn eqnial b Phs A5 ecs
Datwrean ¢hatges 1 tha prlosa of ctitpub and ingrut, sach
multptied by the sorreipanding quantily, Apports this

ioRreuce, Viewing e oallo s A il Lo e peies gy -

wieniEof mpat and patoet would malos the Identiy ok in_

oonetant priote by making fnpat definltionally spasl b,

oaipat, thet ln by meamadng ingdld v e iy & e prodiact

b of vz quatities sind earging Troduets. ThiS da tha debm-

|m.«. theby haww copintantly dembed naing.

SURVEY OF CURRENT BUSINESS

buziness, and - dcenpational - lie-
pnsest 0.7 saverance taxes: X0.3
stock and other iransfer taxes.
and $51.5 miscellaneous lue.al [
licenges and taxes;

—Business trabsler payroents: $3.9 )
billion in 197G, of which, in bil- |
Lens, $1.6 was auto linbiligy
payments for personal injury;
%1.1 bad debis; $1.0- corporate
contribusions to neaprofit or-
ganizations; and 30.1 Unrecover-
able thefis," ﬁ
Given this method of wvalwing end
produests, eone might wonder how
Jorgenson, Christenzen, and Griliches
can meke their own sstimates satisiy -
the “accounting idenfity” they adduce,
even in current prices. The answer is
sasy. By counting whitever iz not labor
earnings as capital earnings (p. 68), they
simply add all the itams not in factor
eost to the garnings of capital and lauq:'l
as well aa to the walue of output. .
Jorgenson and Griliches give no ml .
explenation of why they adopt this
partienlar method of vaining outpot. 4
poesible justification, which they do
not suggest, would be that the new
valuation is meent to provide better
estimates of the value of ountput At
Factor cost and of the earnings of
capital aond land than those which
emerge fromn the standsrd national
accounting procedures. There is o
minerity view that properiy faxes .
ghould be included in factor cost, =0 this
position might be argued with respect
ta this one large-item or part of it. But
one most held extraccdinary viaws
indeed as to the scurce of the statistical
discrepancy and 2s to the inecidence of
most of the other tax items and
transfer payments to support their
inclusion in property earnings.

Larnguage problems and a . i
misstatontont

Is it raally accepiable for Jorgenson
and Griliches to allow their penchant
for shecking statements to be carried
to the extent of incorvectly describing

12, T dpnvire ace thely e pratation fme aensumars durshies
agpd enpital ool by Lnsditadems, mdmwaﬂmﬂ-‘
govarranent anterTiriaes, haeanes thed rnlGr REEES OO 850D
rathir thea of vatuathan.
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other people’s procedures, considering
that there js & danger they might be
pelieved? In thia. article they make
with no qualification a statement thai

ig false in terms of the definitions wsed

for generstions by accountants, econc-
miste, businessmen, the Department of
Commerce, snd dictionary writers alike:
“Prgnison meszures net national product

] as gross product less replacement; the
correct definition is gross product less
deprecation’ (p. 85)." Joxgenson arul
Griliches know very well that what I
deduct i an estimate of depraciation
comaputed by the sirsight-line mathod.

Whether this is the béat method of

estimating depreciation i debatable,

but I never befors have beard it danied
that it £s an estimats of depraciation.

» ‘‘Replacement” hes ususlly been
used in thiz field with ite cedinary
meaning, to distinguish between actual
nsw gross investment thet is made for

- the purposs of replacing capacity to be
discarded and gross invesiment that is

f made for modernization, to expand
“eapacity, or to produce new produces
[e.g., 4, p. 36; 5, p. 9. It has nothing {o
do with my depreciation estimates

Jorgenzon and Gritiches mean some-
thing else by “replacemont.” The
meaning they give it has nothing to do

. with my net product estimates either,
bui ‘14 does confuse any atéempt to
exchange idess. In &heir special
languags, Teplacement occurs aven if
thers i= no pross investment at all
{see the formula on p. A9)! By replaca-
_ment they seem to mean the decline
From the beginning to the end of &
period in the input of, or ecurrent
services provided by, tha capitsl goods
that were present at the beginning of
the period—a decline that may result
either from discarding or from deteriore-
tion in tha performance of goods not
discarded as & result of wear snd tear.
This could bs described az the amount
of capital input that would have ta be
repleced theough gross investment if
capital input were to be kept unchanged
from the beginming to the end of a
pericd (and hence output, in the

13, Thay oven repeat thestetwmont (s oh pp. B, 981 T They
“mliie w0 (p. &) et gy net stock B “ned 0f replecemOk
Tather than not of daprasathon and oita dn 4Tidemes & Py
Irain my writing which sty unambdpuouksy “tha astimmtes
bassd wp . | . Slraight-Une daproclion Wers micked.”
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absence of any other change}, It in
cbvious that ‘“replacement” in this
sense is not the same as capitel con-
sumption - {or depreciation, or the
smount of gross investment that would
b2 needed to kesp capifal intact).
Clonsequently, it is not the proper
amonnt to deduct to obiein vet produet,
and it is not the amcunt I deo daduct.
Capital input from the wondarful one-
hoss chay did not decline from its
70th to its T1st year, so “replacement”
in thie sehse was zaru, bui there was
nevertheless capital consumption be-
cause its remaining period of usefulness
was Peduced by one year. My prosedure,
of courss, would make & deduection; I do
not dedoct "“replacement’” in their
gelse, so thelr staiement that I ““de-

duct replacement” ia incorrect evan by -

their spacial definition.

Jorgenson and QCrliches claim to
have one series that simulianeously
measurea bodh the declme: in capital
input and capitel consumption. “‘Re-
placerment” in -their terminology can
perhaps be defined then as that megni-
tude which haa the mapic property of
being equal £o0 two things which are
not equal to each other.

Capital input

1 turn now t0 & more substantive
topie, the timing of capitel dnpui. The
necessity for this  discussion arises
mainly because Jorgenson and Griliches
continue bo measure capital input in a
way I regard as wholly implausible
and recommend their procedure to me.
But it iz also nesded for my subsequent
discussion of their claim that I use
inconsistent procedures snd that their
vwn estimates are free of such sins,

The discussion of this and the follow-
ing subtoptes will inevitebly convey a
greatly exnpgerated impression of the

sensitivity of actual growth analyses

of raal economies to the choice of series
snd procedures. In most periods actual
-results are not sensitive to the choices
muads for messurement of capital input
vid net product. But one cannot be
indifferant among them.

For growth analyzis, a series for the
input of p structurs or producer’s du-
rabls good iz meant to messure the
change that oocurs each yaar in ita
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ability to contributa to annusl produc-
tion. Thiz is not the same as the change
in its money enrnings {or service price)
even if the prices of output and of
cepite] goods do not chenge. As & capi-
tel good grows older iis earnings may
be reduced by competition from newer
types of capital goods which appear om
the wmerket, the cause of most obsoles-

. dence! Such obaolescence is simply the

eounterpart of “unmessurad” quality
change in sapital poods. The appearance
of better goods does not reduce the

.ability of existing gooda to produce snd

therefore should not be allowed to af-
fect cepital imput.’*

SBeries that are used to measure the
total input of structures and equip-
ment {jointly or separately) sre ex-
plicitly or implicitly » weighted averege
of estimates for each "vintage’ of each
type of capital good. The implications
of the Jorgenson-Griliches procadurs
and mine can thersfore he compared
by confrasting the results we ohiain for
cne vinkage of one type of capital good.

Let: 140 wnita of somwe type of non.
residentisl structure or aquipment, cost-
ing 51,000 per unit, anter the stook at
the middle of some year.™ Suppose that
with nermel use and maintenaince these
goods would have an averape service
life of, say, 30 years if no better capital
goods were designed in the interim, but
that because of obsolescence it will
actualiy bhe profitabla to scrap them.
afier sn wvernge of 20 years so that 20
years is the observed average service
lifs. It is commen for these two figures
to differ; surveys {as well as observa-

1. CHicsplescentt wy Al00 ooeur bestule ol & dectioe Lo de-
wanned For the prodmets o capltal pood it ek wbi 19 prodass
or & change In Che Jocmrlim Ehat 13 bast Jor jis Installation, 1
intrepiet Whis Lype o abdsleaversa an impairing It sbilily o
eoniribote ta anonal pendoctkon, and fhod st proPEly e
fleatod In capital inprof, T T Bhodiers thie $ype o ba of rein-
EiY &by sainoT [oporiance For brevity, I shall baooaforth ec-
elude it when I eeder to shoolespenes,

16 T precume Joganion snd Qellichee would ayrss wlth
Pl statamrant 5 long ws 1t & clear that fn'their case I (1) roller
to what they call in thelr kable 11 “potantinl eapdia Inpok,"'
w0 thet chelr oubestion sdhaskment ix not ek bomen, and (23
yohr o thedr presont eapiial Input estdimates which de pot
incarpoeats onumesmirad quallty Caamgd. T imed Bok 8 paoaiaby
on thelr wews s Lo fhe teptpeat of obeoleocanes i wn-
meanurad gUaiity change wers 1o be LncoTiorated-

14. The OBE sonital steelc estbmate are Yesed o Lho
simplitylog arsumpklon ek ach yoar's new iInvestment 4
s a4 dyoar. The secke shown in chark 1 Tollow QBE
procodures. Jergonane and Griliches aTHontly cmome that
all invatmant 1 nkede st this end of the year (Bor Bl Bot-
AOks HY,
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tion) show obsolescence of existing
capital goeds by technical change io be
8 common reason for discarding them
and incurring the expense of new gross
investment fe.g., 4, p. 36]. In our actual
eatimates Jorgenson-Griliches and I uge
the same numbera for the Sgures cor-
responding to the 20-year period and
meke no use of figures corresponding
to the 30-year period because none are
avpilable. But the difference between
the two should be kept in mind in
evaluating the reasonebleness of alber-
native meihods o messuring capital
input. _

Suppose also that when the goods are
discarded they will have no scrap value.
Suppose, finally, thet goods identical
to those introduced in Yesr O (as well
as improved oves, after the initial year)
could be bought at the same price
throughout the service life of these
goods, so that historical cost, current
sost, and conventionally measured con-
stant cost value are all the same. These
assumptions siraplily the example and
discussion withoui affecting the issues,
Chart 1{A) shows the seriss we would
each obtain for the capital input pro-
vided by thess goods over time. It is
" obvious that I estimate the decline in
mput te be far less rapid then do
Jorgenson and Grilichas.

The Irenison ssries is estimated by
celculating a weighted avernge of pross
stock (weighted 3) and net steck
(weighted 1) when these series are
computed by use of the Winfrey dis-
tribution of retizements around the
mean. service life and the net stock is
computed by use of streightdine de-
preciation.”” The Winfrey distribution
nvoida the unrealistic assumption that
the entire vintage iz discarded on the
game date, The disiribution of discards
that it imposes is indieated by the
gross stock series showm in chart 1{(?,
which corresponds to the numbers of

goods remaining in the stock aé esch
date'* My procedurs of weighting gross
snd net stock is gimply & convenient
way to obtain 4 capital input ssriss that

17. Ban 1%, p. 14] bor the rakionale, and the eecns ddlwmnt
redghiks b een Died dn differond §bedin, T o4 this oo thed
anly lor nenrasbibmtel girvebures aod eqrdposang: I Ao dok
wia & cAplial inpol sobr to mestore \bs contribotion of
dweafings 10 growth.
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movea in 8 way I regard as reasonable,
So long aa all of the gooda yemain in
the stock the input series declines
modarately ; this decline is inteanded to
reflect aay declime m performeance snd
rising expenditures for repairs snd
maindenoncs (which muszi be deducted
to arrive af the contribution of capital
goods to GNP or NNP whether they
are incurred by the user or hy the
sellar under n guarsntes). The [ester
decline starting in the ninth yesr marks
the beginning of the complete discarding
of some of the 100 capital goods ay
estimated by the Winfray distribntion,
sbd the subssquent changes in the
tate of decline reflect the time scatter
of discards. When half. the average
service lite iz exhausted, 99 peresmt of
the goods are estimated still to be in
ose angd eapital input is estimated to be
87 parcent of ite smount at the bagin-
ning. When the averags sarvice life of
20 yeers (which s less than the averape
physical life} is reached and half the
goods ramain in the stock, capital input
ia 39 pereant of it2 amount at the start.

No doubt the correct time pattern
for the change it totel capitel mput for
& vintage varies among types of capikal
gonds, but this sesms to me & reslistic
juidgroent of the typical pattern, res-
sonably adequate when largs numbers
of such series are combined so that the
benafite of offsatiing errorz osre ob-
tamed.’¥ A small improvement, sspe-
cially in the ocase of such major
invastments as 2 whale new manu-
facturing or power plant, would ba to
l=t capital input rise for a short time
after installation before it reaches iis
prasent initisl level in order to take
account of bresk-in time and the
remedying of initiel defects. However,
such a changs would not alier agoragits
saties much.

The time pattern for a single capital
good within ite own serviee life is muah
the seame as that Ishow for all 100—except:

Sy ——-

15 Somprebwnatre capltsl stook seckos ars Ubthe afferied br
chasging the dkiribption of discards that B apunomed. Some
tye of dmtribotion aronnd the srecags srvicd MM U deslr-
able, homemr, o prorenk . sandel grost sbock serdag frbin
patreckly motodng (oo cxaetly sulden ohonges iy pest
s lnvagkment,

18 Io e Undksdl Statey eppragats dats far nozreekisnbisl
preas and met stook: manally meve o mideh wllioe AT e &
rubstentil wltsemton Lo the 2=k oralghdy enalpnad mearesly
chmngea FRe Gaplksl Evk nder.
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that the deop toward the end of gervice
lifo is more abrupt *—if & capital good ~
typically iz well majnteined until o
decisicn is made to retire if, the decision
to retire ocours because of obsoleacence
well before it would coeur if wear and
tear were the only consideration, and
muintenance is cut back after & dedision
to retirs is reached s¢ that performance
deteriorates sharply just before retire-
ment. Tibor Baroe found these condi-
oo to be typical of plant and
equipment psed in British manofactur-
ing J10), and I belisve them also to be °
representative of much plant and equip-
ment in the United States.

What happens to capital input if
tha ariginal capital goods are replaced
when they are discarded?™ If each of
the 100 wers replaced by s new but
othérwise identical good just as it waa
discarded, capital input would rise by
0.33 percend as each good was replaced,
and if {confrary to the Winfroy dis-
tribution) all were simultanecusly re-
placed pfier 20 years capital Input
would rise by one-third; this results
from my 3-1 weighting of gross and net
stock. The rise would reflact the better
performance and lower maintenance
¢ost of uwnused capital goods.? If re-
placement were by good: of new and
improved design costing the same
amount &a the old type, the effect on
the capital input series would be the
same. But ws the new goods antared
production, output would rise more
then if replacement had been by new
goods of tha old type, The differencs is
the contribution of the development of
better capital goods which can be
supplied at the same cost sa the old, &
sontribution which I wish to asariba to
advances in knowledge.

The pattern of capitel input within
tha actual service life correctly takes
no sccount of obsolescence due to

9L Tha taidetey Mor sbropt dection in mitgated by the
oot Eoat srme capital prods wee wed in s sawdby capealiy
It Kisy e comphaaly diaoarded.

M. 1, of eempss, ps "repiused"” wHith it ordinary meining.

. Beplmomment by lentlcal ghods woold wok wetoally
happen Mk an wverage of 3 Yo undear the terme af the
mmpley besgse I the original samial poods weank t6 8
roplced by Menthsl crvd, e origlosl sep would be con-
tiusd o pervite Kogtr—Re an svansge af {0 rean; oplec-
oHnt oocora i the ord of 30 e, oo the ATetRgh, only
bosuite badbir goodl bite Tecony wvallabils and meds v

platsrment. pofitatis.
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Chart 1. Time Pattems of. Capital Input, Oupreciation, and Capital Stock for 100
v ' Capltal Gaedts Costing $1,000 Each, With Averags Service Life of 28 Years
Comparison of Danisen and Jlrgmn-_ﬁrlllﬂlns Estimates

hmmsnmruhaﬂm ' A Capial lsput
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availlahility of beiter capitel goods,
which in no way reduces the ability
of existivg capital goods to contribute
to output.

TTe Jorgenson-Giriliches sariss for cap-
ital input (ie., their “quantity of
potential rervice flow™™) iz tha same as
the walue of the net stock at constant
prices that is computed by use of the
declining balsnce formula at doubls
the straight-line rate.®® They state (p.
70): ‘““We must specify the relation-
ship between the quantity of an asset
acquired st one dete and the gquantiiy
of the service flow of the nsset nb
future dates . . . we Dhave assumed
that the service flow from the ith
investment good declines peometrisaily
over time” The rate of deeline (g},
which of eourse in crucial, is aqual te
2 divided by the aversge service lfe
(21, p. 295; 22, p. M.

The services that capital poods with
o 20-vear average service life perform
are astimated to decline by i percent
in the fist 12 months, and by 10
percent of the remaining armouné every
succéeding 12 months. The services of
capital goods are thus assumead to drop
sharply in the early wyears of their
fives, then slowly. When only half
tha average service lifa is reached,
and pearly all the goods mey be pre-
sumed =till t¢ be in use, capital input
1 estimeted to be only 33 percent of ity
smount at the beginning. When the
averege service life of 20 years is
reached, capital input is estimated to
be only & percent of ite initinl amount
even though about one-half of the
goods are still in use * and even though
the reason that the averege service life
is not longer is commonly obsolescemce
rather than physical exhaustion. For
shori-lived goods the immediate re-
duction In services that is implied by

. The nit waus o 8 saplisl zood would wever Aop bo
wars Gt thie formiate wern applied Utomlly bot in prscdos
_ e patod datemoek 1a 26k binng groos capital formation
duka poe nod avidlabds for the infndtely remote patt, DRE'S
proceiore inlnred In the derks flotted In dhart 1 i o drap
khe remalniog vales wian 1 1 compokedy soirisl

H. Toogen¥on mod Qriliakes do ned dedngatoh e vy
tin in inpot anmped Ty dABxarding from thee redoctisn esusad
by deberloradng periormmnes ol sl stmeiniag In the
stoak, bOb 1% noodt bé aeonved that the implisd patters of
diréarding s consiatent wlth tho aotosl avomge @rrise ik
[renng which the calculation plarts,
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the method: is very extrems: for equip-
ment with a G-year averags service
lifs an shortenad by obsolescence, it i

40 percent in the first 12 months.

When one good ia replaced by anothar
st the expiration of service Yife, capital
input jumps from almoet nothing to
the original value of the new good.

As I stated in my earlier articla 19,
p. 15, Jorgenson and Griliches asaume
that the ability of cepital goods do
contribute to cyrrent production drops
very much faster and farther within
their service lives than seems fo me ol
oll plausible. In my ezperience shis
judgment is widely shared. Why Jor-
genson and Griliches uee their patten
puzzled me then as it does now, and 1
am surprised thet their present article
neither makes any sarious sitempt to
defend it {thet some ecomometricians
find it contenient i hardly expert
testimony) nor abandons it. I can only
leave it to the reeder to judge which
of the two patterns is the more reason-
abla on the basis of his own obeervation
or expetioncs.

Depreciation deduction Lo secure net
produet

This section will examine the first
of the sllogations that my estimates
contain an ineonsistency which theas of
dJorgenson and Griliches avoid. It will
alsa consider which of pur depreciation
RaTie= i& more reasonabla for net
product measurernernt.

Jorgenson and (Griliches claim that
the depreciationr series I deduci [rom
gross product to obtein net produck is
is inconsistent with my messura of
capitel input (pp. 65, 83, 56).* They
recommend that in order to achieve
consistency I use the declining halance
formula to meszsure capital input, as
ther do, end slzo to mensure deprecin-
tion (p. 87). AdopHon of the latter
recommendation wwould substantially
raise my depreciation series and lower
iy net product estimabas.

I have no desire to be consistently
wrong, =0 I would be preparad to furego

95. The exmel nybure of this allegell insondetenny, 2y thay
aqa it, I cannot desiphar beeawss sadh time they dbema Ik,
snd perMcolady on P B2 whom thein demustin B s
artended, they mimeprasapt oy dapreciating serka o aun
it Lo, b el apemaer, " winboh bs 1t eok op déhier the doaal
maandnyg of the wEd o thelr ipecis] meaning.
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consistency if it could be obtained only
by sadopting cepitel input estimatesey
which, ns alveady indicated, I ragard as
unreazonable.® “The situetion, forin-
nately, requires no such choice,

Only the constent-dollar neé output |
sefies enters the productivity ealeuln- °
tions 80 only the constant-dollar de-%
praciation series is relevant to this
first slegation of inconsistency. To -
discuss it, 'first describe the sliernative -
deprecieidon series for the derivation of |
net product. Mine is computed by the -
straight-line formula. Jorgenson snd®
Chiliches recommend use of the double
daeclining balance formula (p. 32). §
Chaort i{B) shows the two depreciation
series for the example. They have two
things in common. First, over the whole
period the sum of annuel depreciation §
charges in constant prices equals the
coat of the asset in comstant prices.
Sacond, in constant prices depreciation
in aoy period is equsl io the change in
the vulue of the net stock over that -
perigd, momputed by use of the same
formuls. However, the two dapreciation §
ectimates in any period are wvery
different. Theirs is higher in the sarlior
yeors and lower in the later yeas. The §
sorresponding net stock values are
compared in shart 1{(). The Jorgenson-
Grilichez net stock estimate is always J
lower than mine except at the installa- |
tion date, when the two are the same, )
Aggregate depreciation for the ssonomy
ia elways higher by their method. _

Becouse of disagresment as (o just
what the deprecintion series deducted -
to obtain the net prodwet of the nation
iz intended to messurs {dissgreemants
center on discounting and nbaulas_ﬁenc:a},
at least two views need to be considered
in order to examine the issues. '

The first view, to which T adhere, is
that the best implemenichls procedure 3
would be to obtain depreciation by
ollocating the cost of each asssb over
its service life in proportion to ifs esti-
mated input et different dates.™ My

94, Torpormon eod  Griliches cowld zpales thelr capliad
fnpal cdbuates sombwhat #ag pnrealisflc, whlle cobainding
the desliefng bairnes el and 168 aleged adeaniege in
convaninnes, by gready redocdng Whe valns of u. .

gt A5 explalntd In ootoete 31, taks procedan Aifas rem
that whieh T wogld regard ko theoretcally hest nly i et
chmcleacants in pread cvar W Hin of the aeowt instied of B
charped wiven 3k Ly disesrded.
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Fr-mate thoss whish would be obtained by
this mat.hnd pnd those of Jorganmn—
Griliches medt it.

1 could apply this methed amt.]jr
but it requires n great deal of work that
i3 unmecassary becawse, givenh my Dat-
-tern for capital input, this' “eapitel
i} mput” mathod would produce daprecia-
“tion” eatimates that are very. closs to
thoss obésined by steaightline de-
previation. To take a simple exsmple,
uppose that an individeal asset lasts 4
%srs ‘asnd i%s services behave as- I sup-
. pose when I weight gross stock 3 apd
the ‘“‘strajghi-line” et stock 1. The
following results, expressad s2 percent-
L. ages of the original walue, are obtained
¥ by thesa two methads and the doubla
[ * declining balance mathod. =

Twpialy]
lins dezlring
trainemea

PR RS
EREBE

By mersly relebeling the “years” in
this table *quarters of total service
lifa,” the table ¢on be applied to =
capital good with sny service life. For
the nonresidential cepital stosk as &
whele and its broad components the
actusl percentages of service lives ax-
- biusted invariably fall well within the
““two middle gqusriers of service life.
The difference batwesn the “Denizon
capital input” and “atraight-lme” de-
preciation estimates is trivial within
this range, much too amal! to werrant
the lsborions calculations reguired by
the “capital input" method.* For all
practical purposes the straight-line de-
- precistion estimates are consistent with
my aapital Input series®

If the time pattarn of capital input

o
e qulrEnsnk, it e otret 2 aeparos cabmlacion R podods Frat
L w antimatod by the Winfrey disieitution €0 ba discarded
I ‘st sach dnte.

by the double declining bailance for-

is measured by the net stock computed
35 For onch vhotege of eadty peparate cabiporyr of stromtores
0. T serind Jor capdial Inpot themaalven mltl‘nn:n

waumption that, theigh palbstic, i+ merddy sn approalme- -

- mmmm&mkmwmmmﬂh-
.mreatation wetlpanie,
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- depresiation astimates olosely approxi-

myls, the time allocation of deprecia-
tion by the oapital imput method is
necessarily the same thing as direst
use of the double declining balanos
formula, whose resulés are shown in
the text table. Accordingly, if the eapital
input rethod is accepted, the Jorgenson-
Griliches sstimates too ars consistert.
Jorgenson and Griliches deny thet my
sethmates sre consizient. They take
pride in their own identity and are ap-
parently unéronbled that it is obtained
only by their unrealistiz assumption
about eapita! input.
- . But Jorgeneon and Griliches do not
ghare my view that for net product
measurament it iz appropriate to olikain
deprecistion by the eapital inpuat
method, snd T shall bring ok the
strange fact that i their view of what
deprecintion should measure is aecepied
the gonsistency bhetween their capital
imput and depreciation aseries, which

pleases them eo much, need no longer.
. hold.

The second view, to which dorgenson
_and Griliches adhere, is that the de-
preciation o be deductad to messure
net netional product should be the
same as would be sppropriate for busi-
ness acoounting for profits: ik is the
change that tekes place during a year
in the discounted value of expecsed
future earnings of the asset.” Expested
future earnings are governad by the
number of years of remaining service
fife, and by the present value of each
remaining year as it is affecied by dis-
counting fudure earnings to the present,

by physicsl deferioration, and by -ob-
solasmme“ :

- Although I eannot nmupt this view,
the choice hetween the two views sectns
to me to be of no grest practical
importance bocguse I think the straight-
line formnia yields resuits thet corre-
spond beitar to those needed to neceount
for profilty themszelver than does this
deuble declining belance formuls, and
would therafore be the more appropriate
of the two for computation of deprecia-
tion to securs net product even if the

“two series should be the same ® Let us

explore the considerations.

The decline that tskes place in the
net value of an sssat each year ruaylis
from deletion of the present value of
one yesr of rempining service life. Back
year of lifa has an eqral present valoe i
(a) the diseount rate is zero, (b) the
pood iz of the one-hoss shay type so
that thers is mo change in ite physical
ability to provide services throughout
its service life, and (e} thers is no antnal
or anticipated obeolescence. Tnder
thase conditions the sxhawstion of avery
vear of service life would reduse net
value by the same absolute amount; the
decline in value would be the same each
year. The gtraighi-line depreciation
pabiern clearly is appropriste in this
case. But how does the patiern chenge
if assuzeption (a), (b), or (o) is changed
while the pther two ars retaipsd?

A discount rete wbove zero roakes the
nearsr years in the remaining life of an
asset more velnable than the lager
years. A yoar in the remaining lifs of an

mrmmm,:mtdumumhlamhund for
thea 315 of Chee waet,
. In my view, an already statsd, net poodost nreamwe.

aveat eulls for tho sppbestion of Miferant coiberie bo the mas- -

Lttt of Qefardlation oo hodt wied b bUales scbiink-
Ing box peolile First, adthenph 16 i corvect oo dissnent Intoes
Incomy In sompoting depreclatlon Lo socvaok for peoflbe, 16

- B ot cormees 1o ke to Ln ctiPoking depeciatlon B aliaimn

nel natioog] e o predoct, aerie (b whith evwry yaur iz
rogarded frozn the standpodnt of teat year, ot boen ths veme
bt Doind of S0me sl Yo, sd which Ioslads mbenit
coaln an o] a8 profile (8 pp. 3848 5, poo 21-80]. Seoond,

shaalesnenss fould be deioched when s good 15 Potdred rathar’.
han b sprand oree the go0nd 0 Se2vice tio, (T the oA Bl -

in grovwimy, this would Theld lower ealipaken of apgrogat de.
rreclatlap in any yer theo she “waplial ipet™ mathed I
e desaiosd o it b3t mDlamvmtabM method) Evwm
when & gpod 18 reteed (althoup® (e podsk doea ot affest
the nomtere at 6}, obsolefeancs shoudd ot be Sbooght of
5 & dedocton frooe Ehet el of the obd good Ut e en ol
o the vels of the mew, Imreewed pood whish rapioom the
oM good. befnce Lt physical sarvios life 0 axhoostad B, pp.
-4 (I ther In 7 ch3pheaconty 1L will nok b4 Pramadonely
Hbarded » T Sedne) ohaniecoemsm gt patragsat, Don Wil
nead to knote tho wmoants by whish slaoemaet sivrens
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service Hesk In the tota]l abires of dich loformatddn, the
Bk e padiant by 4 spread cieqlaenys oty the Avbaal JorT-
lew e in pooportion ta capital imput, the mrossdurs adopied
In the fortgeing taxk table.

Tivera pre Still ol Thewa o0, the Approprise mesaranEng
af deprenkstivn far mat quifdl meeswnioment. Cns, ecprkaked
by Richard Rupgier aod b ome tHios Ohough Lider with-
A} by Blmag Euznets, difters Inom mices opdy in holding
thai o dedtiction at all for ohsolstolney I sppropriaks (3,
PP =20 2, pp. 4857 T, pr 3TF-TOL. T presgtte Bhile e o the-
opathanl peoink Becanus Ropglen did oo explain bivee s woald
JLLAFTER L

32, Thee are, of courss, Tessons (0 farar wes of doobla de-
eliming batanes Ip poines acccontiog Yhat are not perkoent
heee. Eevidas the Iaot that ¥ doalkie deedhuing balatos [op-
male mey appeat 10 bumines banoes it yieldi tae nivaniages
10 1o Rt bacuods ARORINE 15 1 Ay slmuakais invet-
tak, ia popolyriby stegm In part from thé Csat thik In a
perlod of sovtained infabon 1ta usd eilss, though ey
tmpmfichly, the wndamatement of dprtolnibyn which re-
Sulbta Gooy use af iginal cont veloeo. This 13 oot & olerant
condldarstion when, a8 In hoth ibe Jorgdohon-Gyillzhas.
Christennt estmates and mine, degreeistiton B rmined con-
alatamtly ab slbher covent or aonatamk codt-
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paset that ¥ 20 yenrs in the future haa
lesa present value than & year im-
mediately shesd—only one-third as
ruch if the discount rate is as low as
6 percent. Shortening the remaining
service life of & 20-year asset from 20
years to 10 vears thersfore deducts
much less than ¥, from its value.
With discounting, the exhsustion of
the first year of life is of the lesat
value; the sppropriste deprecistion
charge is small at first and steadilly
rises. The appopriste curve for oes
value is convex to the origin, the
opposite of the declining hﬂm
pattern. The degree of oumremt.j' is
graatsr the longer the assst's aarvice
life snd the higher the discount raie.
At eny realistic diseount rvate the
convexity is proncunced except for

quite short-lived assets. For long-lived

assate auch a5 housss or other structures
it is extreme. For example, asseta with
a 00-year life that meet conditions
{bY and {c) woull not lose half their
value until they wro 46 years old even if
the iInterest rate were as low ws 4
percend.

Deaterioration - of physical services
worka the other way; it males the yaar

of an asset’s service that is used up.

each year more valuable then the
averuge romaining year. Howevet, if the
typical patiern is at nll as I suppose, the
effect om depreciation is small, at least
until the very snd of an asset’s service
lifs is near.

Obsoleecence also makes the later
years less valuable. As it ages the assat
must compate with batter, nawer goods
gimukteneously in service and this ra-
duees ite ssrnings. How importent this
i dapends on the smount and timing of
obaclescence that taltes within the
good's sarvices life. Both daterioration
and obsolescencs tend o make the
pattern of nat assst values concave.

Tse of the straight-line formula in
rcoounting for business profits assumes
the affects of discouniing to be approxi-
mately offset by those of deterioration
and obaolsacencs, so that as a year ia
dmppm:l from am pssat’z T
pervice lifs ita net value declinaz by the
peme percentaga as does the number of
years of ramsining life or (what is tha
aame thing} by the same absolute
amount sach year. If this sssumption is
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correot—and it seema o me BS resson-
ghle _as any slternative-—the incon-
siatency bebween my capital input end
constant price depreciation series that
Jorgenson and Giriliches allege is not
prmnt- even by their criteria. for
measuring deprecistion.

Ineofar as Jorgenson snd Gnlmhaa
maka any altempt to defend use of
double declming balance, it rests on
the alleged pettern of esset values.
Use of 8 declining balance paticrn fox
asset values sssumes that the effect
of discontiuving is more than offset by
the effeots of deterioration and obae-
lescenes. Use of the declining balance
formuls ab double the straight-line rate
assumes that discounting ia far more
than offset. It iraplies either extremely
fast deterioration of physical services
of en exivemely hagh rate of obso-
lescence. Jorgenson. and Grihiches do
not sey which they asspime. If it is the
former I can enly repeat that so fast
a pattern of deterioration strikes me
as niteriy unresscnable. More rosson-
able defenacs of the ase of double de-
clining balance to messure net walue
of easets have rested on the proposition
that obsclescence is very fast. This
atgument mey well be valid for certain
kinds of machinary which have hoen
Tecently invented and are being rapidly
improved. But even if double declining
balanoe described the general patiern
of asset values, snd if the patiern were
dus to obsolessnce being 2 much more
potent factor then discounbng, this
would mot mesn thet the double de-
olining balencs method wou]d be appro-
priate to measere cepitel input. Be-
cause ity pattera phould nob reﬂant
obaolascencs,” oapital input should de-
cline ypueh less rapidly then asssivalues.
Use of the double declining balance
formula for both capitsl input and
depra-cmhun is then ineonsistens. Thae
fact is that thers iz ne way o be sore
whether or not a capital input seriea
and a depreciation suries are consistent
tf one acespte the "zecond view' of
what depreciation should messcra un-
less one knows all the facts about dis-
counting, detarioration, and obsolescence.

50 mach for this first charge of in-
consistency. Let me retum to the more
intoreating quesiion of what probably
doss bappen to neset values aa capital

SURVEY OF CURRENT BUSINESS

obsolescence for shructures and aq

to justity genezal use "of double de-

goods sge. Tn my opinion, the rate of
uip- 7y
mhent A8 a.whola that would be required ¥

clining belence deprecistion in ac-
coun#ing for lusiness profits far exceeds -

sny likely rate. To appraise the proba~
ble implications of the two formulas
for ohaclescenoe, wn example, based on
use of assumed iustrative numbers for
thaﬁrﬂt.yﬁrufhfanfmmatrmtha
20-yenr servica life, may be matirunh

(1) If each year of ita Lfe is

the pams value, 25 would be the czse ¥

with no discounting, deterioration, or
obsolescence, the losa of value {depresi-
akion} in the first year is & parcens.

{2} But il &5 necessary to allow for

discounting, Assume an § perceni in-
tevest rate. At that rate an snouity of
1% remaining future sanusl payments
of equal apount is worth enly 2.2 per-

-cent leas than an annnity of 20 remain-

ing payments of the same amount. Al-
lowance for discounting consequenty
cuts the imitial § percent first year
deprecistion io unly 2.2 percent {or
by 2.8 points). :

{3) If there is deteriorstion, the
firat year's services rapresent mova than
5 percent of the total services provided
in the 20-year life span. For exampls,
my method of measuring capital input
would sssign 5.7 percent, or 0.7 puoinis
mere, to the first year. Moreover, . the

letter figvre musé be raised to take

acconnt of the fect that these extra
s6rvices are more valusble besanse they
oueur i the first year then they would
be in an average year of the 20-year
period. At 3 percent, the 0.7 must be
zaised to E.3.

-(4) By ndding to ths 2.2 percent
abtained in step (2) the 1.3 obtained
in step {8), we obtain fivat year de-
pracistion of 3.5 percent of total velua.
At first sight this would sppear £o be the
appropriate first year depreciation be-
fare allowing for ohsolespence. But this
figure alrepdy includes an allowance for
obsolencanea unlass the sarvics life with

whick wa startad wes not shoriensd by

obaolesconce. I have no miormation as
to how much servics lives sre actually

- shartenad by obsolascence on the aver-

age. T azmme for this caleulation, as I
did in the example apon which the
charts are based, that it was from 3
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- ypars to 20, In that caas, the calculetion
v ghould have gtartad in step (i) with a
ﬁg-um of only 3.3 percent of original
valuemstandufﬂasﬁmt.ymde-
precintion in the absence of discounting,
deterigration, or obeolescenge. Thiz i &

roduotion of one-third, and the fgura -

i* of 3.5 percent st which we have arrived
._up to now must be similarly reduvced,
- to 2.3 percent, to obtain the fivst year

-of phaoleseance.™
" {5) The straight-line method charges
¥ 5 percent of originel value in the first
" year, and thus on the sssumption of
this celculstion allows for a rate of
obeclesvence of nearly 3 percent a year
{5.0—2.3). The doubls declining balance
method charges 10 percent in the first
* year and thua allows for & rate of
ohaolessence of nearly 8 percent o year
{10.0—2.3). H the percentage rate of
“ynmeasured” quality improvement in
capital poods i= constant, then this
rete—the annual percentags increase
1 in the average quality of capital goods
~ over and above that obiained by
purchasing more costly capital goods—
~ is the same as the rate of obsolescence.
Thus, the two formulas imply about 5
end 8 parcent, respectively, az the rate
of unmensured quality change.
These resulta depend on the terms
of the example, but thase were sclacted
to be fairly representative and give e
reascnable approximation of the siiua-
tion for all structures and egquipment.™
TLere are st least two reasons, besides
. pemaral observation, to belisve that &
figure of the order of 8 parcent 2 year is
far toc high to be Tepresentetive of
yemessured quality improvement in ali
‘geruetures and equipment. One is that
R the combination of such & rate with
. observed service lives would be grossly

k.

inconsistent with ragicnal business be-.

havior. I, iv the case of assets with a
20-year lifs, mew oapital goods that

L wers 8 parcent more efficient then the

43, T rédul dipends, amopg otier stsamptiorm, op ths

' rode umed for gBomting, Tt tooldd he vidsed Troon 23 ba 20
perment of original voloe §f-a § peroant Interest yals Aeph
anbekineed for § parcats. Howemir, Jwpinton and Oriliches

1 10 parsent an they eats of pwbarn; Ita ey would Hdd o .

Agmee lsorr than &8,

# Ik B quise pastis Thit hay OTECHAL B Ll
axbant to whiah srvies lives are shortaned By olooleesanss,
bk Ik 1 orebain Kot 20 ywars undtrttatos te average iarvice
Wi aad champes jn BEse Fore Gammapions wavs omebng
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- deprecistion appropriste in the absence -

previour vesr's goods hed been when
they wers new became available every

yoar at the same price as the old, the
origingl capital goods sheuld be dis-
eardad by the time half of their 20-year
life had expired. In only 9 years new
goods would be iwice as efficient as
those in the originel vintaee had heen
even when they were new. The second
reason is that the rete at which pro-
ductivity advances—whether sne ac-
cepts my estimates or those of Jorgen-
son and QGriliches—is insnfficient to ac~
commedate the conéribation that would
be made by such m Tate of quality
Improvement,* )

Cao one check directly on the way
velues chaonge ss goods age? I original
cost, curTent cost, sod constent cost
are the same, the net stock series
corTesponding to the concept of business
accounting for profita would be similar
to one which might in principle be
copstzucted by valuing esch Her in the-
stock by the higher of (1) the prive the
present owner would have to be offered
to induce him to part with it, and (2)
the highest price any prospective pur-
chaser would be willing to pay for it.
For many reasons, the fist price is
typically the higher, s evidenced hy
the small fraction of capital goods that
are sold in ahy year, but ¢his is nm
always the case and some goods are sobd.

One is tempted to wy to draw
inferences from the study of second-
hand prices. But there are only a lew
commodities for which markets are
wide and vepresentative ewouph to
permit this even to be atéempted ; 1nost
are customarily tied in use to others
{which makes iransfer costs high and
design unsyitable in snether use) or
even immovable. Houses and certain
types of transportsation eguipment or
other mobile machinery like tractors
ere the mest promising. Even in these
cases care is required to take proper
aceount, of {ransfer costs, changes in
guarantees and other terms as goods
that are esld pass from new to usaed and
becgme older, differences between ihe
condition of goods retained Ly owners
and those offered for sale, changes in
the price of new itamns, the strength of

2 Toh I oot o M oy of Jooking ob tie mather (b
ug., 1T, po LW, L60; and 1Y, o T
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demand, the differonce botween list or
agking prices and transaction prices for
new commaodities, and sther compiies-
tiens.

Jorgenson nn-d Griliches appesl to
pacond-hand maritet values for s fowr
equipment items to support use of the
declining balanca formule to measurs
net stock., Even for thege items they
do not try %o suppert the high rele
of attrition that they assnwe, Thay
mention some comdlicding resulta but
fail to notice important studies by
Eaymond Goldemith, FPaul Taubman,
and E. H. Rasche. Goldsmith .[1]
obtained the very opposite of the doubla
decliving balance formuls for what is
by far the biggest cepital stock com-
ponent (¢ which Jorgensen, Griliches,
and Christensen apply this formula.
Using data from the 1934 Finanial
Sorvey of Urban Housing, he found
that hounses, for which a service life
of 5 to 60 yesrs i usuelly used,
retained belf the value of new houses
whan they were 45 vewrs old*® This
implies that deprectatton on houses
Tises sharply as they sge, and a highly
convex pattern for net stock. Tanbman
and Raache obtained similar paiterns
for office buildings, snother lergs com-
penent of she capital stock, snd helieve
them epplicable also to fectary huiid-
ings [20]. The svidence of secoad-kand
prices ¢on be uwsed more effectively to
srgue that the straight-line formula
makes asset walues fall too fasi than
that it makes them fall tee slowly.
Indead, if the genoeral pattern for
atructures is that found by Goldsmith,
Taubman, and Rasche; and if one also
considers that large components of
“ggquipment™ ere not produchHon ma-
chinery but items like furniture, or
such items aa trucks, on which there is
lttle obsolescence; then it iz bard to
see how the overnll decline can ke mora
than linear even if that for produciion
machinery is. Certainly the evidence
lends no support to the very f{ast
decline which the double declining
balance formuls yields.

5. Thls (3 not » Roprising tewile In the ahiines of de-

rkoradion of OpeMnaoance, (digsoandiogy skam wookd cagse
houyser g0 rotaln kall the vaboe of e Hopess aiter <5 yeard

of parvice I thar todad Uie wixe §0 yearr and b dlscousl
Tt & TECEnt, o M Rote) W e £5 THAD ehd Ehe dineaynt

rata T parsant,
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It may be snticlimatic to point out
that the prowth rate of net product is
barely affectad by the way depreciation
iz measured. In = resl economy like
tha United Stetes in which the capital
stock is growing, depreciation is, to be
gure, persistently higher and net prod-
uct lower in constant as well as curent
prices if the double declining balince
formuls is used. But comparisons show
that the difference is so stable that,
exeept in quite unusual perieds, it
scarcely affects the growth rate of

zea) nei product. For measurement of .

outpub growth, the choice of formuls is
of minor importance. :

Waeighting: Total property weight
For analysis of the sonrees of growth
" of net product, the fact that the double
declining balance formula, which Jor-
genson and Griliches recommend, yields
larger depreciation estimates in surrent
prices than does. the straight-line for-
mule which I vee 4 importent, Its
use yields o smaller estimate of the
net (after-depreciation) sernings of cap-
ital and land—mauch too small an
estimate, b my opinion. It thus reduces
Tthe weizht assigned o capital and
uhd relative to labor-in the caleulation
an index of totel mput and lowers
the entimated contribution of capital to

the growth of net product.

The eeeond Forgenson-Griliches
charge of ineonsistency (pp. 65, 85, 88}
iz that the deprecistion seriag I use
to obtasin net property earnings and
therafore the weighiz I use to combine
labor with capital and land are incon-
sistent with my capitel input series
whateas, they claim, their capitel input
end deprevistion series are consistent
with one another. Because there is no
concapiual distinetion between depre-
ciation spproprinte fer €he: mersure-
ment of net produet according to the
“second view” and depreciation appro-
priete for uee in messuring capital
earnings to be used in weights {p. 86},
my showing in the preceding subssection
that their charge that my dopreciation
for net product measurament and my
capital input are not inconsistant on the
“gecond view" is squally & response to
this sacond charge of inconsistency.

108

Howwver, it roay be useful to look et

thiz charga in another way. It is ap-
parently becsuse in my estimates the
rasio of {1} capital input to (2) the net
stock thet is consistent with deprecia-
tion rises o3 & capital good ages, whereas
in their estimates it is constent, that
Jorgenson  and  Griliches think my
series are inconsistent.¥ This notion
conld hardly be more wrong. The ratic
clearly should rise to reflect the reduc-
tion in the remaining yesrs of service
life; the only 'question 1= whether my
ratio rises too much o foo hietle. T4
risea by the correct amount if there is
ne discounting, obsolescence, or de-
terioration or if the effects of discount-
ing on the net value of an aszset just
vifset those of obsolescence and de-
tericration, the assumption undedying
wse of straightline deprecistion for
this purpose. If discounting ia not fully
vffset, my retdo doss not rea fast
snough. The direction or stze of the
arror, if any, cannot be determined
without exact data for the nppropriate
discount rate, for obsclescence, and for
datericration.

" Failyre of the Jorpenson-Griliches
ratio of capital input to 2et stock to
rise 83 the remaining sarvica life of 2n
assat diminishes is prime fasiz svidence
that their saries are ingonsistent, nok sn
indication of consistency. As I ssid in
my earlier article {19, p. 18], “valua
muet decline s remaining service life
diminishes whereas a measure of cur-
rent servicas must not do so” for this
reagon. If they insist upon using the
declining balance formuls, they should
ni least use a lower rate of attrition for
capital input than for neb stock.

Jorgensen and Griliches also assart
that the depreciation saries I use to
obtain eapital sarnings wnd the depre-
ciation serie2 T use to obtain net product
are inconsisteni with one another; in-
deed, they call this the “most serious'
problem with my treatment of depre-
ciation {p. 8%). Thiz is an especially
puzzling charge. Excapt that one is in
gurrent and the other in constant prices;
my two depreciation saries are the same.

A7, At Jatet, ihis B bhoonly intarpestation I cen phecs opon
thby chakmk
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‘why I'uss the same series. -

find my two geries, which are identical

_servics life remain.

Thajr should be the sama if one bshwes
as they do, that the sarne’ criteria are™
apiproprizte for both dapreciation series. 3y |
If {as in my case) he dees not, then the
two should be the same only if the
same measure conforms 6o both sats of
criterta. I have argued above that the
sta‘mght.—]ma formitla in fact gives the
best, approximetion to both, and t.]ﬂs is -

Althoyph Jorgenson  emd Griliches

they find the two series they recom-
mend, which also are identical, to ba
consisient with one another!

Weighting: Allocetion of total t
property weight '
Becanse the double declining halnnne

formula used by Jorgemson and

Griliches vialds mush smalier wvalues

for the net stock of structures. and |
efquipment in current prices than does *
thuﬂt.rmghﬁ-hna foxrmula, without affect-,. {
ipg [snd and mvantor:.r values, its |
uze reduces (I balieve undevstates) the
shere of the totel capital apd land
weight (itself alrendy redueed by double
declining balance depreciation) that is
sssigned to struetures snd squipment,
and raises the shares assigned to lsnd |
and inventories. This is becaunse assat |
velues are nead to alloeste their totel
woight among thess types of assets,

Let me now refer to what I take to be
the last of the Jorgenson-Griliches
charges of imecosistency in my esti- |
mates: that the sllocadon of my total )
weight for cepital and land smong -
deteiled compenents is insonsietent
with my messure of capital mput
{pp. 63, 75).

As T have siressed, the ratio of input .
to walue rises as a deprecieble asset
grows older and fewer yeers of future
This fact does
introdues & sinsll arror into my elleca-
tion of weightz= smong nonresidential
structurea and equipment, inventories, .
and land. I shell describe this defest in
& moment. It does not affect my weight
for dwallings and residential land, and it
is reduead by treating sectors, in which
tha propertions of the other three types
of ssseta differ, separately in deriving
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 weighta® Tt creates an-*inconsistency™
Yhetween my detailed weights and ‘my
*{:ﬁp'_ltﬂl mput peries in the same BEnge
that any serics which contains an ervor
is incomsistent with any other series
.which does not contein the same errcr.
« The aroms of discovery with which
#.Jcrganson and Griliches diselose this
. error 38 surprising inasmuch as I pointed
b it out in my first growth study and
f have noted it repeatedly, even in the
article to which Jorgenson and Griliches
7 Ware responding [19, feotnote 20, and
- veferences given there]. Only by pro-
 ducing & eat of series which contain the
 basgic inconsistency of implying a con-
= stant ratio of capital inpub to net
a-dtock velue do Jorgenson and Griliches
themselves avoid this inconsistency in

& detail.

28 In pabHibed studben the sectors am fnyn dod worli
" ponrealdentis e, ﬂ:r'prnlnt #ndy also dlvidas the

wréighis abtaoked 0 striotuves 2nd squipoent, 1orotoris,
[ 3 anl mnd, Tiplike the new (IAriEbassn-JOREEDHON TGRS
. estribed ander e badiog “Chenps In Qlasifent s of
fispp fran. Fegloontirn of Fracntrom, ™ T G wob- tretd capk
tal o tand mped in difeend mators o5 separace npots,
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The mmeasyanuugh to deacribe.
lesht.umume that the rates of re-
twrn on inventories, 1and, and fixed
vapitel within any sector diat;inguishad
are the same. Distribution of earnings
in properfion to asset values (the sta-
tistical procedure adopted) impleents
this sssumption exsetly only if ratios
of net earnings to net ssset values cor-

" rectly measure rates of return. Wor a
depreciable assat, the ratio of neé earn~
ings to net asset value necassarily in-
creszes in the course of ibz service life
and can be equal to the rate of return
over the whole service life {the desired
figure) at coly one date. My procedure
implies an assumption that for the
whole nenraesidential stock this point is
roached when ihe fraction of service

life that is exhwusted is thet which

actuelly has been exhansted. Most rate
of return estimates are similarly based
on esrnings-asset ratios, with the curi-
s excepiion, a3 I pointed out else-
where, of those concerned with human
capital [17, p, 342

For sny category of capital goods,
tha fraction of the total servica Life that
will have been exhausted when the ratio
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productivity by Edward F. Denison
and other productivity analy=ts con-

&

r

. In our paper, “The Explanaiion of
Produetivity Change™ [60], we showed
that earlier estimates of total [actor

tained serious conceptual flaws. Most
analysts weight totel lebor and total
capital input by estdmstes of ther
marginal products to obiain & measure
of toial fector input. We argued that
the same principle should have been
applied consistently to the subcompo-
nenta of labor and capital input ae well,

In our paper, “Issues in Growth
Accounting: A Reply to Fdward F,
Denison,” we demonstrete in mueh
greater detail that capitel input and
total factor productavity measures em-

_played by Devison in his monographs,

Sourcer of Heonemic Grouwth , ., [28]
and Why Growth Rater Differ 124], are
permeated by internal contredictiona.
Althoogh Denizon agrees that sub-
components of eapitel input should be
weighted by their marginal products,
he fails to apply this principls in an
internally sonsistent way.

The force of our criticism is easy to

-appreciste, even far sumeone wha does

not wish to enter into the detsils of the
argement. Economic depreciation plays
8 crucial role in any mensurernent of
capitel input and totsl factor produe-
tivity. Depreciation depends on the
decline in efficiency of capital goode.
121 Denison’s two monographs two
dﬂmﬁ assumptions about decline in
efficiency are employed, but the same
basic rpethod for calculating deprecia-
tign, the straight-line method, is em-
Ploved in both? At & minimum it is
obvigus thet if one of Denison’s caleu-
lations is cearect the other is wrong. In
onr reply to Denison we demonsterate
that both seta of calculations are
mtarn%]]jr incensistent.

Denison’s paper “, . . Major Is-
sues . . [25] is devoted to an exemi-
nation of our procedures for estimating
tatal factor productivity in “The Ex-
Planstion of Produotivity Change”
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[60). Al of Denison's valid objertions’

to these procedurss have been met and
several major improvements have been
made in our new estdmaies, based on
those of Christensen and Jergenson [19
20).F '

Bpecifically, capital input has been
disaggregated so as to incorporats the
effacta of direct and indirect taxation
in & more sadslactory way. Second,
our eshmate of the effects of chonges
in relative utilization has been revised
downward. As before, our conclusion
is that total factor mput, not preduc-
tivity change, predominstes in the
explanation of the grewth of cutpué.

In our discussion of quality change
we distinguish between measurea of
“guality chenge which make it equul
to one or snother version of the "resid-
ual”  tantolegically, wsnd quality
change estimated from current differ-
ences in marginel products, Te us, this
lattar type is “messurnd” quslity
change, provided thet it can in fact be
measured with some precision from
absstved merket prices snd renmds of
different commodity groups, inaluding
different vinteges, and we wonild wish
to coumt it es part of input in the
capital-using sactor. Thiz procedurs
will not sliminats proeductivity change
by definition sinoe it will result in »
higher productivity growth in the
capital-producing sestor. It will ouly
atiributs it whers it belongs.

Various othar isstes raised by Deni-
son denl with the semantic problem of
what to includs in “dnput” and what to
inelude in "productivity.” Sinee at the
aggregante level the idea of an input is
at best rather vague while the idea of
“productivity” does not hide snythimg
more than the “residual” from all the
other ealenlations, it has been our tend-
ency to take out most of the messarable
sources of growth {such as intersectoral
shifts) from the wastsbasket of the
“residual” and include them petforce
n our concept of Moput. We have no
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abjection, however, to a mors complex
classification scheme.

The major portion of Demison’s
“Fios]l Comments” is devoted to de-
fending the procedures used in Why
Growth Rates Differ [28).* To state our
criticism of these. procedures as syc-
cinctly as possible: We do not insist
that Denison adopt ouvr assumption of
geometric decline in efficiency, let plone
our deprecistion rates; this is one way
of solving the problem of maintaining
internsl consistency, but it is not the
only solution. We simply urge him to
adopt a single assumption about decline
in efficiency and to ampley this sssump-~
tion in messuring both depracistion and
cepital input. Demison’s procedures in
Why Growth Hotes Liffer (28] employ
one assumption ¥or depreciation and
another for eapital input.

Dienigon's defense of the metheds em-
ployed in Why Grouth Baisz Dviffer fails
to meat the basie issue of Inconsistency.
Holike Denison’s paper, his accompany-
ing '"Finsl Clomments” do not really
advence the discussion of the methods
of measuring total factor productivity
further. We are preparad to leave this
exohange of views with Denison at this
point and to procesd with the work of
continuing to improve our sstimetes in
both scope and quality.
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